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PREFACE  TO  THE  THIRD   EDITION. 


The  increasing  interest  in  human  and  mammalian  em- 
bryology which  has  characterized  the  last  few  years  has 
resulted  in  many  additions  to  our  knowledge  of  these 
branches  of  science,  and  has  necessitated  not  a  few  correc- 
tions of  ideas  formerly  held.  In  this  third  edition  of  this 
book  the  attempt  has  been  made  to  incorporate  the  results 
of  all  important  recent  contribntions  upon  the  topics  dis- 
cussed, and,  at  the  same  time,  to  avoid  any  considerable 
increase  in  the  bulk  of  the  volume.  Several  chapters  have, 
therefore,  been  almost  entirely  recast,  and  the  subject  matter 
has  been  thoroughly  revised  throughout,  so  that  it  is  hoped 
that  the  book  forms  an  accurate  statement  of  our  present 
knowledge  of  the  development  of  the  human  body. 

In  addition  to  the  works  mentioned  in  the  preface  to 
the  first  edition  as  of  special  value  to  the  student  of  Em- 
bryology, mention  should  be  made  of  the  Handbuch  der 
verglcichendcn  und  cxpi-ritncntellen  Enlwicklungslehre  der 
Wirbellxcre  edited  by  Professor  Oscar  Hertwig, 

Sept  cm  Iter  7,  igo?. 


PREFACE  TO  THE   FIRST   EDITION. 


The  assimilation  of  the  enormous  mass  of  facts  which 
constitute  what  is  usually  known  as  descriptive  anatomy 
has  always  been  a  difficult  task  for  the  student.  Part  of 
the  difficuhy  has  been  due  to  a  lack  of  information  re- 
garding the  causes  which  have  determined  the  structure 
and  relations  of  the  parts  of  the  body,  for  without  some 
knowledge  of  the  tf/iv  things  are  so,  tlie  facts  of  anatomy 
stan<l  as  so  many  isolated  items,  while  with  such  knowl- 
edge they  become  bound  together  to  a  continuous  whole 
an<l  their  study  assumes  the  dignity  of  a  science. 

The  great  key  to  the  significance  of  the  structure  and 
relations  of  organs  is  their  development,  recognizing  by 
that  term  the  historical  as  well  as  the  individual  develop- 
ment, and  the  following  pages  constitute  an  attempt  to 
present  a  concise  statement  of  the  development  of  the 
human  Ijody  and  a  foun<iation  for  the  proper  understand- 
ing of  the  facts  of  anatomy.  Naturally,  the  individual 
development  claims  the  major  share  of  attention,  since  its 
processes  are  the  more  immediate  forces  at  work  in  de- 
termining the  conditions  in  the  adult,  but  where  the  em- 
bryological  record  fails  to  afford  the  required  data,  whether 
from  its  actual  imperfection  or  from  the  incompleteness 
of  our  knowle<ige  concerning  it,  recourse  has  been  had  to 
the  facts  of  comparative  anatomy  as  affonling  indications 
of  the  historical  development  or  evolution  of  the  parts  under 
consideration. 

It  has  not  seemed  feasible  to  include  in  the  book  a  com- 
plete list  of  the  authorities  consulted  in  its  preparatioft. 


VIll  PREFACE   TO    THE    FIRST    EDITION. 

The  short  bibliographies  api>en(led  to  each  chapter  make 
no  pretensions  to  completeness,  but  are  riierely  indications 
of  some  of  the  more  important  works,  especially  those  of 
recent  date,  which  consider  the  questions  discussed.  For 
a  very  full  bibliography  of  all  works  treating  of  human 
embryology  up  to  1893  reference  may  be  made  to  Minot's 
Bibliography  of  Vertebrate  Embryology,  published  in  the 
"  Memoirs  of  the  Boston  Society  of  Natural  History/* 
volume  iv,  1893.  It  is  fitting,  however,  to  acknowledge 
an  especial  indebtedness,  shared  by  all  writers  on  human 
embryology,  to  the  classic  papers  of  His,  chief  among 
which  is  his  Anatomie  menschlicher  Embryonen,  and  grate- 
ful acknowledgments  are  also  due  to  the  admirable  text- 
books of  Minot,  O.  Hertwig,  and  Kollmann. 

Akatomical  Laboratory, 
University  of  Michigan. 
October  i,  1902. 
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OF  THE 


HUMAN  BODY. 


INTRODUCTION. 

Nearly  seventy  years  ago  (1839)  one  of  the  fundamental 
principles  of  l)iolog'y  was  establislied  by  Sclileiden  and 
Schwann  as  the  cell  theory.  AcconHng  to  this,  all  organ- 
isms are  composed  of  one  or  more  structural  units  termed 
cells,  each  of  which,  in  multicellular  organisms,  maintains 
an  individual  existence  and  yet  contributes  with  its  fellows 
to  the  general  existence  of  the  individual.  Viewed  in  the 
light  of  this  theory,  the  human  body  is  a  community,  an 
aggregate  of  many  individual  units,  each  of  which  leads  to 
a  certain  extent  an  independent  existence  and  yet  both 
contributes  to  and  shares  in  the  general  welfare  of  the 
community. 

To  the  founders  of  the  theory  the  structural  units  were 
vesicles  with  definite  walls,  and  little  attention  was  paid 
to  their  contents.  Hence  the  use  of  the  term  "cell"  in 
connection  with  them.  Long  before  the  establishment  of 
the  cell  theory,  however,  the  existence  of  organisms  com- 
posed of  a  gelatinous  substance  showing  no  indications  of 
a  definite  limiting  membrane  had  been  noted,  and  in  1835 
a  b^'cnch  naturalist,  Dujardin,  had  described  the  gelatinous 
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material  of  which  certain  marine  organisms  (Rhizopoda) 
were  composed,  terming  it  sarcode  and  maintaining  it  to 
be  the  material  substratum  which  conditioned  the  various 
vital  phenomena  exhil)ited  by  the  organisms.  Later,  in 
1846,  a  botanist,  von  Mohl,  observed  that  living  plant  cells 
contained  a  similar  substance,  upon  which  he  believed  the 
existence  of  the  cell  as  a  vital  structure  was  dependent,  and 
he  bestowed  upon  this  substance  the  name  protoplasm,  by 
which  it  is  now  universally  known. 

By  these  discoveries  the  importance  originally  attributed 
to  the  cell- wall  was  greatly  lessened,  and  in  1864  Max 
Schultze  reformulated  the  cell  theory,  defining  the  cell  as  a 
mass  of  protoplasm,  the  presence  or  absence  of  a  limiting 
membrane  or  cell-wall  being  immaterial.  At  the  same  time 
the  spontaneous  origination  of  cells  from  an  undiflferen- 
tiated  matrix,  believed  to  occur  by  the  older  authors,  was 
shown  to  have  no  existence,  every  cell  originating  by  the 
division  of  a  preexisting  cell,  a  fact  concisely  expressed  in 
the  aphorism  of  Virchow — omnis  ccllida  a  celluld. 

Interpreted  in  the  light  of  these  results,  the  human 
body  is  an  aggregate  of  myriads  of  cells,* — i.  c,  of  masses 
of  protoplasm,  each  of  which  owes  its  origin  to  the  division 
of  a  preexistent  cell  and  all  of  which  may  be  traced  back 
to  a  single  parent  cell — a  fertilized  ovum.  All  these  cells 
are  not  alike,  however,  but  just  as  in  a  social  community  one 
group  of  individuals  devotes  itself  to  the  performance  of 
one  of  the  duties  requisite  to  the  well-being  of  the  commu- 
nity and  another  group  devotes  itself  to  the  performance  of 
another  duty,  so  too,  in  the  body,  one  group  of  cells  takes 
upon  itself  one  special  function  and  another  another.  There 
is,  in  other  words,  in  the  cell-community  a  physiological 


*  Ft  has  been  estimated  that  the  munher  of  cells  entering  into  the 
coinposiliiMi  of  the  lx")(iy  of  an  adult  human  being  is  about  twenty-six 
million  five  hundred  thousand  millions! 
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division  of  labor.  Indeed,  the  comparison  of  the  cell- 
community  to  the  social  community  may  be  carried  still 
further,  for  just  as  gradations  of  individuality  may  be  rec- 
ognized in  the  imUvidual,  the  municipality,  the  state,  and  the 
republic,  so  too  in  the  cell-commimity  there  are  ceils ;  tissttes, 
each  of  which  is  an  aggregate  of  similar  cells;  organs,  v/hich 
are  aggregates  of  tissues,  one,  however,  predominating  and 
determining  the  character  of  the  organ;  and  jy^/cww,  which 
are  aggregates  of  organs  having  correlated  functions. 

It  is  the  province  of  embry- 
ology to  study  the  mode  of  di- 
vision of  the  fertilized  o\aim 
and  the  progressive  differenti- 
ation of  the  resulting  cells  to 
form  the  tissues,  organs,  and 
systems.  But  before  consider- 
ing these  phenomena  as  seen 
in  the  human  body  it  will  be 
well  to  get  some  general  idea  of 
the  structure  of  an  animal  cell. 

This  (Fig.  i),  as  has  been  already  stated,  is  a  mass  of 
protoplasm,  a  substance  which  in  the  living  condition  is  a 
viscous  fluid  resembling  in  many  of  its  peculiarities  egg- 
albumen,  and  like  this  being  coagulated  when  heated  or 
when  exposed  to  the  action  of  various  chemical  reagents. 
As  to  the  structure  of  living  protoplasm  little  is  yet  known, 
since  the  application  of  the  reagents  necessary  for  its  accu- 
rate study  and  analysis  results  in  its  disintegration  or  coagu- 
lation. But  even  in  the  living  cell  it  can  be  seen  that  the 
protoplasm  is  not  a  simple  homogeneous  substance.  What 
is  termed  a  nucleus  is  usually  clearly  discernible  as  a  more 
or  less  spherical  body  of  a  greater  refractive  index  than  the 
surroundingprotoplasm,  and  since  this  is  a  i>ermanent  organ 
of  the  cell  it  is  convenient  to  distinguish  the  surrounding 
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protoplasm  as  the  cytoplasm  from  the  nuclear  protoplasm  or 
karyoplasm. 

The  study  of  protoplasm  coagulated  by  reagents  seems 
to  indicate  that  it  is  a  mixture  of  substances  rather  than 
a  simple  chemical  compound.  Both  the  cytoplasm  and  the 
karyoplasm  consist  of  a  more  solid  substance,  the  rctic- 
ulum,  which  forms  a  network  or  felt-work,  in  the  inter- 
stices of  which  is  a  more  fluid  material,  the  cnchylcma* 
The  karyoplasm,  in  addition,  has  scattered  along  the  fibers 
of  its  reticulum  a  peculiar  material  termed  chromatin  and 
usually  contains  embedded  in  its  substance  one  or  more 
spherical  bodies  termed  nucleoli,  which  may  be  simply  larger 
masses  of  chromatin  or  bodies  of  special  chemical  compo- 
sition. And,  finally,  in  all  actively  growing  cells  there  is 
differentiated  in  the  cytoplasm  a  peculiar  body  known  as  the 
archoplasm  sphere,  in  the  center  of  which  there  is  usually  a 
minute  spherical  body  known  as  the  centrosome. 

It  has  been  already  stated  that  new  cells  arise  by  the 
division  of  preexisting  ones,  and  this  process  is  associated 
with  a  series  of  complicated  phenomena  which  have  great 
significance  in  connection  with  some  of  the  problems  of 
embryology.  When  such  a  cell  as  has  been  described  above 
is  about  to  divide,  the  fibers  of  the  reticulum  in  the  neigh- 
borhood of  the  archoplasm  sphere  arrange  themselves  so  as 
to  form  fibrils  radiating  in  all  directions  from  the  sphere 
as  a  center,  and  the  archoplasm  with  its  contained  centro- 
some gradually  elongates  and  finally  divides,  each  portion 
retaining  its  share  of  the  radiating  fibrils,  so  that  two  asters, 


*  It  lias  been  observed  that  certain  coagulable  substances  and  gclatin> 
when  sul)jected  to  the  reagents  usually  employed  for  "fixing"  proto- 
plasm, present  a  structure  sinn'lar  to  that  of  protoplasm,  and  it  has  been 
held  that  protoplasm  in  the  uncoagulated  condition  is,  like  these  sub- 
stances, a  more  or  less  honiogenet)us  material.  On  the  other  hand, 
Hiitschli  maintains  that  living  protoplasm  has  a  foam-structure  and  is, 
in  other  words,  an  emulsion. 
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as  the  aggregate  of  centrosonie,  sphere  and  fibrils  is  termed, 
are  now  to  be  found  in  the  cytoplasm  (Fig.  2,  A).  Grad- 
ually the  two  asters^  separate  from  one  another  and  even- 
tually come  to  rest  at  opposite  sides  of  the  nucleus  (Fig.  2, 
C).     In  this  structure  important  changes  have  been  taking 


(.Adaplcd  fi 


B.  ilihoii.) 


place  in  the  mean  time,  Tlie  chromatin,  originally  scattered 
irregidarly  along  the  reticulum,  has  gradually  aggregated  to 
form  a  continnons  thread  (Fig.  2,  A),  and  later  this  thread 
breaks  up  into  a  definite  number  of  pieces  termed  chromo- 
somes (Fig.  2,  B),  the  number  of  these  being  practically 
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constant  for  each  species  of  animal.  Thus,  in  man  (Dues- 
berg),  the  mouse,  the  salamander,  and  the  trout  the  number 
of  chromosomes  is  twenty- four;  in  the  ox  and  guinea-pig 
it  is  sixteen;  while  in  one  of  the  round-worms  (Ascaris) 
the  number  may  be  as  small  as  four,  or  even  two.  It  is  to 
be  noted  that  the  number  is  always  an  even  one. 

As  soon  as  the  asters  have  taken  up  their  position  on 
opposite  sides  of  the  nucleus,  the  nuclear  reticulum  begins 
to  be  converted  into  a  spindle-shaped  bundle  of  fibrils  which 
associate  themselves  with  the  astral  rays  and'  have  lying 
scattered  among  them  the  chromosomes  (Fig.  2,  C).  To 
the  figure  so  formed  the  term  aniphiastcr  is  applied,  and 
siH»n  after  its  formation  the  chromosomes  arrange  them- 
selves in  a  circle  or  plane  at  the  equator  of  the  spindle  (Fig. 
j»  |))  and  the  stages  preparatory  to  the  actual  division,  the 
pi'ophasos,  are  completed. 

rho  next  stage,  the  metaphase  (Fig.  3,  A),  consists  of 

the  \li vision,  usually  longitudinally,  of  each  chromosome, 

H\*  \\\s\\  the  cell  now  contains  twice  as  many  chromosomes 

a^  \\  yM  pirviously.     As  soon  as  this  division  is  completed 

^hv  .uMpluiHos  are  inaugurated  by  the  halves  of  each  chro- 

uKsxx^MK^  \e|Miating  from  one  another  and  approaching  one 

.^«  \hv  vi^UMx  y  iMg.  ^<.  U).  and  a  group  of  chromosomes,  con- 

i.^.u.u^  K\\\  \»l'  the  total  number  formed  in  the  metaphase, 

,oMK.<  ix»  W  \\\  cK»se  proximity  to  each  archoplasm  sphere 

»■-     (.  V  ^       I  Ih*  spitulle  and  astral  fibers  gradually  resolve 

.s;tuvi^x^<  ^Ai'OU  uuo  the  reticulum  and  the  chromosomes  of 

,.»  s'^'^'i*  Kx^^HK*  inegular  in  shai)e  and  gradually  spread 

.-.  A  'Jk  »»iivU\u  u^inihun  so  that  two  nuclei,  each  sim- 

:,^    ^ov   Hx^ju  which  Ihe  process  started,  are  formed 

Uyix'iv  M  these  changes  are  accomplished, 

I  .viui»Kiu»n  luakes  its  appearance  at  the  surface 

^     .    *.ui   vl'^K    .<•  ^*^   *^"^''  gradually  deepening, 

1^     v.^i';,4.m  lu  ,i  plane  passing  through  the  equa- 
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tor  of  the  amphiaster  and  gives  rise  to  two  separate  cells 

(Fig.3,  D)- 
This  complicated  process,  which  is  known  as  karyokinesis 

or  mitosis,  is  the  one  usually  observed  in  dividing  cells,  but 


Fig.  3. — Diagrams  Illustrating  the  Metaphase  and  Anaphases 
OF  Mitosis. — {Adapted  from  E.  B.  Wilson.) 

occasionally  a  cell  divides  by  the  nucleus  becoming  con- 
stricted and  dividing  into  two  parts  without  any  develop- 
ment of  chromosomes,  spindle,  etc.,  the  division  of  the  cell 
following  that  of  the  nucleus.  This  amitotic  method  of 
division  is,  however,  rare,  and  in  many  cases,  though  not 
always,  its  occurrence  seems  to  be  associated  with  an  impair- 
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ment  of  the  reproductive  activities  of  the  cells.  In  actively 
reproducing  cells  the  mitotic  method  of  division  may  be 
regarded  as  the  rule. 

Since  the  process  of  development  consists  of  the  multi- 
plication of  a  single  original  cell  and  the  differentiation 
of  the  cell  aggregate  so  formed,  it  follows  that  the  starting- 
p^^int  of  each  line  of  individual  development  is  to  be  found 
in  a  cell  which  forms  part  of  an  individual  of  the  preceding 
generation.  In  other  words,  each  individual  represents  one 
generation  in  esse  and  the  succeeding  generation  in  posse. 
This  idea  may  perhaps  be  made  clear  by  the  following  con- 
siderations. As  a  result  of  the  division  of  a  fertilized  ovum 
there  is  produced  an  aggregate  of  cells,  which,  by  the  physio- 
U>gical  division  of  labor,  specialize  themselves  for  various 
functions.  Some  assume  the  duty  of  perpetuating  the  spe- 
cies and  are  known  as  the  sexual  or  germ  cells,  while  the 
remaining  ones  divide  among  themselves  the  various  func- 
tions necessary  for  the  maintenance  of  the  individual,  and 
may  be  termed  the  somatic  cells.  The  germ  cells  represent 
I)otentially  the  next  generation,  while  the  somatic  cells  con- 
stitute the  present  one.  The  idea  may  be  represented 
schematically  thus: 

Kirst  generation 


Somatic  cells  -f-  germ  cells 

Second  gcnenition 

<  «. 

Somatic  cells  -|-  germ  cells 

II 

Third  generation 


Somatic  cells  +  germ  cells,  etc 

It  is  evident,  then,  while  the  somatic  cells  of  each  genera- 
tion die  at  their  api>ointe(l  time  and  are  rlifferentiated  anew 
for  each  generation  from  the  germ  cells,  the  latter,  which 
may  be  termed  collectively  the  ^crm-plasm,  are  handed  on 
from  generation  to  generation  without  interruption,  and  it 


INTRODUCTION.  9 

may  be  supposed  that  this  has  been  the  case  ab  initio.  This 
is  the  doctrine  of  the  continuity  of  the  germ-plasm,  a  doc- 
trine of  fundamental  importance  on  account  of  its  bearings 
on  the  phenomena  of  heredity. 

It  is  necessary,  however,  to  fix  upon  some  link  in  the 
continuous  chain  of  the  germ-plasm  as  the  starting-point 
of  the  development  of  each  individual,  and  this  link  is  the 
fertilized  ovum.  By  this  is  meant  a  germ  cell  produced  by 
the  fusion  of  two  units  of  the  germ-plasm.  In  many  of 
the  lower  forms  of  life  {e,  g.,  Hydra  and  certain  turbel- 
larian  worms)  reproduction  may  be  accomplished  I^y  a  di- 
vision of  the  entire  organism  into  two  parts  or  by  the 
separation  of  a  portion  of  the  body  from  the  parent  indi- 
vidual. Such  a  method  of  reproduction  is  termed  non- 
sexual.  Furthermore  in  a  number  of  forms  {e.  g.,  bees, 
Phylloxera,  water-fleas)  the  germ  cells  are  able  to  undergo 

r 

development  without  previously  being  fertilized,  this  consti- 
tuting a  method  of  reproduction  known  as  parthenogenesis. 
But  in  all  these  cases  sexual  reproduction  also  occurs,  and 
in  all  the  more  highly  organized  animals  it  is  the  only 
method  which  normally  occurs;  in  it  a  germ  cell  develops 
only  after  complete  fusion  with  another  germ  cell.  In  the 
simpler  forms  of  this  process  little  diflference  exists  between 
the  two  combining  cells,  but  since  it  is,  as  a  rule,  of  advan- 
tage that  a  certain  amount  of  nutrition  should  be  stored 
up  in  the  germ  cells  for  the  support  of  the  developing  em- 
bryo until  it  is  able  to  secure  food  for  itself,  while  at  the 
same  time  it  is  also  advantageous  that  the  cells  which  unite 
shall  come  from  different  individuals  (cross- fertilization), 
and  hence  that  the  cells  should  retain  their  motility,  a  di- 
vision of  labor  has  resulted.  Certain  germ  cells  store  up 
more  or  less  food  yolk,  their  motility  becoming  thereby  im- 
paired, and  form  what  are  termed  the  female  cells  or  oz'a, 
while  others  discard  all  pretensions  of  storing  up  nutrition, 
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are  es[)ecially  motile  and  can  seek  and  penetrate  the  inert 
ova;  these  latter  cells  constitute  the  male  cells  or  spcrma- 
tosoa.  In  many  animals  both  kinds  of  cells  are  produced 
by  the  same  individual,  but  in  all  the  vertebrates  (with  rare 
exceptions  in  some  of  the  lower  orders)  each  individual 
produces  only  ova  or  spermatozoa,  or,  as  it  is  generally 
stated,  the  sexes  are  distinct. 

It  is  of  importance,  then,  that  the  peculiarities  of  the 
two  forms  of  germ  cells,  as  they  occur  in  the  human  species, 
should  be  considered. 
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GENERAL   DEVELOPMENT 


CHAPTER   I. 

THE  SPERMATOZOON  AND  SPERMATOGENESIS; 
THE  OVUM  AND  ITS  MATURATION  AND 
FERTILIZATION. 

The  Spermatozoon. — The  human  spermatozoon  (Fig. 
4)  is  a  minute  and  greatly  elongated  cell,  measuring  about 
0.05  mm.  in  length  and  consisting  of  an  anterior  broader 
portion  or  head  (k)  and  a  narrow  thread-like  tail  (/).  The 
head  measures  about  0.005  mm.  in  length  and  when  viewed 
from  one  surface  (Fig.  4,  i)  has  an  oval  outline,  though 
since  it  is  somewhat  flattened  or  concave  toward  the  tip, 
it  has  a  pyriform  shape  when  seen  in  profile  ( 1' ig.  4,  2). 
The  tail  consists  of  several  portions.  Situated  immediately 
behind  the  head  is  a  short  cylindrical  portion  measuring 
0.006  mm.  in  length  which  is  termed  the  middlc-piccc  or 
neck  {m),  and  behind  this  is  the  flagclliun,  of  about  the 
same  diameter  as  the  middle-piece,  but  forming  about  four 
fifths  (0.04  mm.)  of  the  entire  length  of  the  spermatozwn. 
The  axis  of  the  flagellum  is  formed  by  a  delicate  filament 
which  projects  somewhat  beyond  the  flagellum,  forming 
what  is  termed  the  terminal  filament  or  end-piece  {e). 

In  addition  to  these  various  parts,  the  spermatozoa  of  many 
mammalia  possess  a  head-cap  (Fig.  5,  he)  covering  the  anterior 
end  of  the  head,  and  a  spiral  membrane  wound  around  the 
flagellum.     The  presence  of  these  structures  has  not  yet  been 
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generally  observed  in  the  human  spermatozo<')n,  though  several 
observers  have  claimed  the  existence  of  a  spiral  membrane  and 
the  head-cap  undoubtedly  exists  in  the  earlier  stages  of  the 
development  of  the  spermatozoon,  though  it  may  later  be  lost. 


e 


VWu    4.— Hl'MAN      Si'KKMATOZOON. 

I.  Front  view.  2,  sitlc  view  of  llu* 
head :  <•,  torniinal  filanu'iit ;  k, 
hoail;  /.  tail;  m,  mitldlc-picce. 
y After  Rctzius.) 


V\K\.     5. — SrKRMATOZtKJN      OK      RaT. 

h,  HcatI:  he,  hcad-cai);  »;//».  iiiid- 
dlo-piocc;    1/,    lurk. —  {Jensen.) 


ire: 


>i«i 


*«^  understand  the  significance  of  the  various  parts  enter- 
:!Uo  the  com[)osili()n  of  the  si)ennatozo(">n  a  study  of 
r  ocveK»pnicnt  is  necessary,  and  since  the  various  proc- 
■f  speniiatogenesis  have  been  much  more  accurately 
'^r  ti  :r.  >i:ch  niaiiiinalia  as  the  rat  and  guinea-i)ig  than 
ZT^'_  ve  i<scnpiion  which  follows  will  be  based  on  what 
.  e--:  jticr'rei  a>  *xxnirring  in  these  forms,  b'roni  what 
-    --:     "  ve  -rc^niiati^gencsis  in  man  it  seems  certain 

"<<  :hai  oi  these  manunrd^  s<»  far  as  its 


•^  irz  r  noemeil. 
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Spermatogenesis. — The  spermatozoa  are  developed  from 
the  cells  which  line  the  interior  of  the  seminiferous  tubules 
of  the  testis.  The  various  stages  of  development  cannot 
aii  be  seen  at  any  one  part  of  a  tubule,  but  the  formation 
of  the  spermatozoa  seems  to  pass  along  each  tubule  in  a 
wave-like  manner  and  the  appearances  presented  at  differ- 
ent points  of  the  wave  may  be  represented  diagrammatically 
as  in  Fig.  6. 

In  the  first  secti<in  of  this  figure  four  different  genera- 


i,  Sfrtoti  cell ;  sc',  sptTiiijilocyte  of  Iho  first  order ;  sc*.  fipcmialoeyle  of 
the  second  order;  sr,  apennnUigoiit ;  sf,  S|iormatiil;  j=,  siiermato- 

zoiin.— (Morfiiicrf  from  von  Unhossck.) 

tions  of  cells  arc  represented;  above  are  mature  sperma- 
tozoa lying  in  the  lumen  ')f  the  tubule,  while  next  the  base- 
ment membrane  is  a  series  of  cells  from  which  a  new  gen- 
eration of  s]>ermatozoa  is  about  to  develop.  The  cells  of 
this  series  are  of  two  kinds;  the  larger  one  (j)  will  develop 
into  a  structure  known  as  a  Sertoli  cell,  while  the  others  are 
]>areiit  cells  of  si)ermato7.oa  and  are  termed  spcrmato^iiitia 
isg).  In  the  next  section  the  Sertoli  cell  is  seen  to  have 
become    considerably    cnlargetl.    its    cytoplasm    projecting 
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toward  the  lumen  of  the  tubule,  and  in  the  third  section  the 
enlargement  has  increased  to  such  an  extent  that  the  sper- 
matogonia are  forced  away  from  the  basement  membrane, 
with  which  the  Sertoli  cell  alone  is  in  contact.  In  the  fourth 
section  the  spermatogonia  are  seen  in  process  of  division; 
one  of  the  cells  so  formed  will  persist  as  a  spermatogone, 
while  the  other  forms  what  is  termed  a  primary  sperma- 
tocyte {sc^).  The  results  of  the  division  are  seen  in  the 
last  section,  where  four  spermatogonia  are  seen  again  in 
C(^ntact  with  the  basement  membrane  and  above  them  are 
four  primary  spermatocytes.  Returning  now  to  the  first 
and  second  sections,  the  layer  of  primary  spermatocytes 
may  still  be  seen,  indications  of  an  approaching  division 
being  furnished  by  the  arrangement  of  the  chromatin  in 
those  of  the  second  section,  and  in  the  third  section  the 
division  is  seen  in  progress,  the  two  cells  which  result  from 
it  being  termed  secondary  spermatocytes  {sc^).  These  cells 
almost  immediately  undergo  division,  as  shown  in  the  fourth 
section,  each  giving  rise  to  two  spermatids  (sp),  each  of 
which  becomes  later  on  directly  transformed  into  a  sperma- 
tozoon (.y^).  From  the  primary  spermatocyte  there  have 
been  fonned;  therefore,  as  the  result  of  two  mitoses,  four 
cells,  each  of  which  represents  a  si)ermatozoon. 

During  these  divisions  important  departures  from  the 
typical  method  of  mitosis  occur.  These  departures  have 
been  most  thoroughly  studied  in  the  lower  forms,  but  it  is 
probable  that  they  are  fundamentally  similar  in  the  mam- 
malia. It  has  already  l)een  j^ointed  out  (p.  6)  that  the 
number  of  chromosomes  which  appear  during  the  mitoses 
of  the  somatic  cells  is  characteristic  for  the  species.  In 
the  division  of  the  primary  si)ermatocytes  the  number  of 
chnMUosomes  which  appear  is  apparently  only  half  the  char- 
acteristic number,  but  in  reality  it  is  double  that  number, 
since  each  chromosome  is  really  composed  of  four  elements 
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IS 


more  or  less  closely  united  to  form  a  tetrad.  During  the 
mitosis  each  tetrad  divides  into  two  dyads,  one  of  which 
passes  into  each  secondary  spermatocyte,  and  these  cells 
undergoing  division  without  the  usual  reconstruction  of  the 
nucleus,  each  of  the  dyads  which  they  contain  is  halved, 


Fig.  7. — Diagram    Tllistrating    the    Reduction    of    the    Chromo- 
somes  During  Spermat(k:enesis. 

Jf\   Spermatocyte  of  the  first  order;   jr',  spermatocyte  of  the  second 

order;   sp,  spermatid. 

SO  that  each  spermatid  receives  a  number  of  single  chromo- 
somes equal  to  half  the  number  characteristic  for  the  species. 
This  reduction  of  the  chromosomes  of  the  germ  cells  may 
be  understood  from  the  annexed  diagram  (Fig.  7)»  which 
represents  the  si)ermat()genesis  of  a  form  whose  somatic 
cells  are  supposed  to  contain  eight  chromosomes. 
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The  trans fnnnation  of  the  spermatids  into  spermatozoa 
takes  place  while  they  are  in  intimate  assticialioii  with  the 
Sertoli  cells,  a  number  of  them  fusing  with  the  cytoplasm 
of  an  enlarged  Sertoli  cell,  as  shown  in  Fig,  6,  s,  and  proh- 
ably  receiving  nutrition  from  it.  In  each  spermatid  there 
is  present,  in  addition  to  the 

§^^^^^  nucleus,  an  archoplasm  sphere, 
„  ^F^^^  ^i*'^!"  which  the  centrosomes 
BnAV  have  migrated  so  as  to  lie  free 
HlQ^F  in  the  cytoplasm.  The  details 
^K^B  of  the  transformation  are  still 
^^^^  to  a  certain  extent  under  dis- 
§.  cussion,  the  view  here  pre- 
P^^  \  sented  being  only  one  of  the 
**"~''\  many   which   have  been  ad- 

W  vaiiced    within    recent   years. 

■         On  the   fusion  nf  tlie  sper- 
^^  matid   with   a   Sertoli   cell,   a 

(Tt''  ''^'■'^^'^  filament  (Fig.  8,  /), 
Mi)  thel)eginning  of  the  axial  fila- 
'-JO  nient  fif  tlie  spermatozoon, 
appears  in  its  cytoplasm,  seem- 
ing to  arise  from  the  centro- 
some  which  lies  at  one  end  of 
it.  The  archoplasm  .sphere(a) 
and  centrosome  migrate  to 
opposite  sides  of  the  nucleus, 
which  gradually  assumes  an 
cxcentric  position,  and  the  archoplasm  becomes  converted 
into  the  head-cap  {he)  while  the  centrosomes,  enlarging, 
form  tlie  anterior  portion  or  neck  of  the  middle-piece  (tnp), 
the  remainder  of  that  slmcture  being  formed  from  the  axial 
lilamenl  surrounded  by  a  cytoplasmic  sheath,  As  the  axial 
niamenl  lenglbens  ihe  cytoplasm  is  drawn  out  with  it  to 


Pia.    R— FouK 

TRANSratUj 
M.*TIP 

A  Rat. 

a,  Archoplasm ;  t,  mass  of  eliro- 
matln  wliich  is  later  absorbed: 
f.  axial  filament ;  h.  h«ail ;  hv. 
head-cap ;  mp,  mitldlc-piccc.— 
(vcn  Ltnhoiset.) 
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form  its  sheath,  the  terminal  portion  of  the  filament  only 
projecting  beyond  the  sheath  to  form  the  end-piece,  and  the 
cytoplasm  surrounding  the  nucleus  becomes  reduced  to  an 
exceedingly  delicate  layer,  so  that  the  head  of  the  spermato- 
zoon (A)  consists  almost  entirely  of  nuclear  substance  if 
the  head-cap  be  left  out  of  consideration. 

The  homologies  of  the  parts  of  the  spermatozoon  with 
those  of  the  spermatid  may  be  presented  in  tabular  form 
thus : 


Nucleus. 

Head. 

Arehoplasm. 

Head-cap. 

Cenlrosomc. 

Neck  of  middle-piece. 

(  Axial  filament. 

Cytoplasm. 

}  Sheath  of  middle-piece. 
(  Sheath  of  tail. 

The  spermatozwn  is,  then,  one  of  four  equivalent  cells, 
produced  by  two  successive  divisions  of  a  primary  spermat- 
ocyte and  containing  one  half  the  number  of  chromosomes 
characteristic  for  the  species. 

The  Oviim. — The  human  ovum  is  a  sjiherical  cell  meas- 
uring about  0.2  mm.  in  diameter  and  is  contained  within 
a  cavity  situated  near  or  at  the  surface  of  the  ovary  and 
termed  a  Graafian  follicle.  This  follicle  is  surrounded  by  a 
capsule  composed  of  two  layers,  an  outer  one,  the  theca 
externa,  consisting  of  fibrous  tissue  resembling  that  found 
in  the  ovarian  stroma,  and  an  inner  one,  the  theca  interna, 
composed  of  numerous  spherical  and  fusiform  cells.  Both 
the  thecae  are  richly  supplied  with  blood-vessels,  the  theca 
interna  especially  being  the  seat  of  a  very  rich  capillary 
network.  Internal  to  the  theca  interna  there  is  a  trans- 
parent, thin,  and  structureless  hyaline  membrane,  within 
which  is  the  follicle  proper,  whose  wall  is  formed  by  a 
layer  of  cells  termed  the  stratum  granulosum  (Fig,  9,  »«g) 
and  inclosing  a  cavity  filled  with  an  albuminous  fluid,  the 
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Uquur  folUculi.  At  one  point,  usually  on  the  surface  nearest  j 
the  center  of  llie  ovary,  the  stratum  granulosuni  is  greatly  J 
thickened  to  form  a  mass  of  cells,  the  discus  proligeruil 
((//>),  which  projects  into  the  cavity  of  the  folHcIe  and  en-  ' 
closes  the  ovum   (o).     L'sually  but  a  single  uviini  is  con- 


FiG,  9.— Section  throhcii  Portion  dt-  an  Ov.\k\  i>f  an  Opossvu 
iDidelphys  virginiaua)  showing  Ova  and  Follicles  in  Various 
Stages  of  Development. 

li.  Blood-vessel:  rfp,  discus  proligerus;  mg,  slraluin  graniilosnm;  o, 
ovuid;  s,  stromal  Ih,  theca  folliciili. 


laineil  in  any  discus,  though  occasionally  two  or  even  three 
may  ricciir. 

The  cells  of  the  discus  proligenis  are  for  tlie  most  part 
more  or  less  spherical  or  ovoid  in  shape  and  are  arranged 
irregularly.  In  the  immediate  vicinity  of  the  ovum,  how- 
ever, they  are  more  columnar  in  form  and  are  arranged  in 
about  two  concentric  rows,  thus  giving  a  somewhat  radiated 
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appearance  to  this  portion  of  the  discus,  which  is  termed 
the  corona  radiata  {Fig.  10,  cr).  Immediately  within  the 
corona  is  a  transparent  membrane,  the  cona  pdhidda  ( Fig. 
10,  sp),  about  as  thick  as  one  of  the  cell  rows  of  the  corona 
(0.02  to  0.024  mm.),  and  presenting  a  very  fine  radial  stria- 
tion  which  has  l>eeii  held  to  be  due  to  minute  ixires  travers- 
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nucleus;  p,  protoplasmic  zi 
;;  y,  yolk;  zp,  zona  pellucida. —  {Nagfl.) 


Years  op  Ace. 
ps.  peri- 


ing  the  membrane  and  containing  delicate  prolongations  of 
the  cells  of  the  corona  radiata.  Within  the  zona  pellucida 
is  the  oviun  proper,  whose  cytoplasm  is  more  or  less  clearly 
(lifFerentiated  into  an  outer  more  purely  protoplasmic  jwr- 
tion  ( Fig.  10,  /i)  antl  an  inner  deutoplasmic  mass  (y)  which 
contains  nmnerous  fine  granules  of  fatty  and  albuminous 
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natures.  Tliesc  granules  represent  the  food  yolk  or  deuto- 
plasm,  wliich  is  usually  much  more  abundant  in  the  ova  of 
other  mammals  and  forms  a  mass  of  relatively  enormous 
size  in  the  ova  of  birds  and  rejitiles.  The  nucleus  (»i)  is 
situated  somewhat  excentrically  in  the  deiitoplasmic  portion 
of  the  ovum  and  contahis  a  single,  well-defined  nucleolus. 

A  follicle  with  the  structure  described  above  and  con- 
taining a  fully  grown  ovimi  may  measure  anywhere  from 
five  to  twelve  millimeters  in  diameter,  and  is  said  to  be 
"  mature,"  having  reached  its  full  development  and  being 
ready  to  burst  and  set  free  the  ovum.  This,  however,  is 
not  yet  mature;  it  is  not  ready  for  fertilization,  but  must 
first  undergo  certain  changes  similar  to  those  through  which 
the  spermatocj-te  passes,  the  so-called  ovum  at  this  stage 
lieing  more  properly  a  primary  oocyte.  But  before  describ- 
ing the  phenomena  of  maturation  of  the  ovnm  it  will  be 
well  to  consider  the  extrusion  of  the  ovum  and  the  changes 
which  the  follicle  subsequently  undergoes. 

Ovulation  and  its  Relation  to  Menstruation. — As  a 
rule,  but  a  single  follicle  near  maturity  is  found  in  either 
the  one  or  the  other  ovary  at  any  given  time.  In  the  early 
stages  of  its  development  a  follicle  is  situated  somewhat 
deeply  in  tlie  stroma  of  tlie  ovary,  but  during  its  growth 
it  approaches  the  surface  and  eventually  forms  a  marked 
prominence,  only  an  exceedingly  thin  membrane  separating 
the  cavity  of  the  follicle  from  the  abdominal  cavity.  This 
thin  membrane  finally  ruptures,  and  the  liquor  folliculi, 
which  is  apparently  under  some  pressure  while  contained 
within  the  follicle,  rushes  out  through  the  rupture,  carrying 
with  it  the  ovum  surrounded  by  some  of  the  cells  of  the 
discus  pniligerus. 

The  immediate  cause  of  the  bursting  of  the  follicle  is  not 
yet  clearly  understood.  It  has  been  suggested  that  a  gradual 
increase  of  the  liquor  f(j|licu!i  under  pressure  must  in  itself 
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finally  lead  to  a  rupture,  and  it  has  also  been  pointed  out 
that  just  before  the  maturation  of  the  follicle  the  theca 
interna  undergoes  an  exceedingly  rapid  development  and 
vascularization  which  may  play  an  important  part  in  the 
phenomenon. 

Normally  tlie  ovum  wheu  expelled  from  its  follicle  is 
received  at  once  into  the  Fallopian  tube,  and  so  makes  its 
way  to  the  uterus,  in  whose  cavity  it  undergoes  its  develop- 
ment. Occasionally,  however,  this  normal  course  may  be 
interfered  with,  the  ovum  coming  to  rest  in  the  tube  and 
there  undergoing  its  development  and  producing  a  tubal 
pregnancy;  or.  again,  the  ovum  may  not  find  its  way  into 
the  Fallopian  tulie,  but  may  fall  from  the  follicle  into  the 
abdominal  cavity,  where,  if  it  has  been  fertilized,  it  will 
undergo  development,  producing  an  abdominal  pregnancy; 
ami,  finally,  antl  still  mure  rarely,  the  ovum  may  not  be  ex- 
pelled wlien  the  Graafian  follicle  ruptures  and  yet  may  be 
fertilized  and  undergo  its  development  within  the  follicle. 
bringing  about  what  is  ternted  an  ovarian  pregnancy.  All 
these  varieties  of  exlra-uterine  pregnancy  are,  of  course, 
exceedingly  serious,  since  in  none  of  them  is  the  fetus 
viable. 

It  was  long  believed  that  ovulation  was  coincident  with 
certain  periodic  changes  of  the  uterus  which  constitute  what 
is  termed  menstruation.  This  phenomenon  makes  its  ap- 
pearance at  the  time  of  puberiy.  the  exact  age  at  which  it 
appears  being  determined  by  individual  and  racial  peculiari- 
ties and  by  climate  and  other  factors,  and  after  it  has  once 
appeared  it  normally  recurs  at  definite  intervals  more  or 
less  closely  corresponding  with  lunar  months  (i.  c,  at  inter- 
vals pf  about  twenty-eight  days,  the  extremes  being  from 
twenty-four  to  Ihirty-four  days)  until  somewhere  in  the 
neighborhood  of  the  fortieth  or  forty-fifth  year,  when  it 
ceases. 
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The  structural  changes  associated  with  menstruation  con- 
sist of  a  preliminary  thickening  of  the  walls  of  the  uterus, 
its  mucous  membrane  and  the  subjacent  tissue  becoming 
highly  vascular  and  eventually  congested.  Later  the  walls 
of  the  blood-vessels  degenerate  and  permit  of  an  escape  of 
blood  here  and  there  beneath  the  mucous  membrane  which, 
in  the  areas  overlying  the  effused  blood,  undergoes  a  fatty 
degeneration  and  is  desquamated,  allowing  of  the  formation 
of  a  blood-clot  in  the  cavity  of  the  uterus.  The  hemor- 
rhagic portion  of  the  process  lasts  usually  from  three  to  five 
days;  at  its  close  a  regeneration  of  the  lost  portions  of  the 
mucous  membrane  begins,  and  when  this  is  completed  a 
resting  [period  ensues  which  persists  until  near  the  time  of  a 
new  menstrual  i>eriod. 

The  local  structural  changes  of  the  uterus  are  associated 
with  decided  constitutional  disturbances.  The  pulse,  blood- 
pressure,  temperature,  muscular  power,  and  lung  capacity 
are  in  general  somewhat  increased  before  menstruation  and 
sink  immediately  before  or  at  the  time  when  the  hemorrhage 
in  the  uterus  begins;  immediately  before  the  menstrual 
period  there  is  also  a  diminished  destruction  of  the  nitroge- 
nous materials  of  the  l>ody,  as  shown  by  the  amount  of 
nitrogen  excreted  being  less  than  at  other  times. 

These  general  changes  may  \\q\\  affect  the  ovary  as  well 
as  other  portions  of  the  body  and  so  contribute  to  a  coin- 
cidence of  menstruation  and  ovulation.  And,  indeed,  there 
seems  little  question  but  that  the  coincidence  is  of  frequent 
or  even  usual  occurrence.  The  appearance  of  menstruation 
indicates,  as  a  rule,  the  beginning  of  fertility,  and  sterility 
ensues  at  the  time  of  the  final  cessation  of  the  menses. 
Inirthermorc,  menstruation  ceases  when  pregnancy  sui>cr- 
vencs,  and  the  cessation  persists  not  only  until  parturition, 
but  so  long  as  the  child  remains  unweancd,  and  as  a  rule 
ovulation  is  also  in  abeyance  during  the  same  period.     Ex- 
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ceptions,  however,  have  been  observed  wbich  show  that  the 
coincidence  of  the  two  phenomena  is  not  invariable,  preg- 
nancy, for  example,  having  occurred  in  young  girls  who  had 
not  yet  menstrnated,  and  in  forty-two  operated  cases  in 
which  the  ovaries  and  uterus  had  been  removed  after  men- 
struation, twelve  showed  no  signs  of  ovulation  as  deter- 
mined by  the  presence  of  recently  ruptured  follicles  in  the 
ovaries  (Leopold  and  Mironoff),  while  in  another  set  of 
fifty- four  cases  ovulation  appeared  to  have  coincided,  with 
menstruation  in  thirty-nine  instances. 

From  the  eviilence  at  present  at  our  disposal  it  may  be 
stated  tliat  in  the  human  species  while  ovulation  generally 
coincides  with  menstruation,  yet  the  two  phenomena  may, 
and  not  in  f retiuently  do,  iKcur  independently  of  one  another. 

In  the  lower  mammals  ovulation  is,  as  a  rule,  direcdy  asso- 
ciated with  a  condition  known  as  cestrus  or  "heat,"  this  being 
preceded  by  certain  phenomena  constituting  what  is  termed 
the  proccstrum  and  corresponding  essentially  to  menstruation. 
In  the  majority  of  species  one  or  more  testrous  periods  occur 
during  the  year  in  fertile  females,  and  each  of  these  is  pre- 
ceded by  a  prmestrum.  But  the  pnxestrous  phenomena  do 
not  in  all  forms  invariably  lead  to  an  (cstrum.  since,  although 
feniale  monkeys  menstruate  regularly  throughout  the  jear,  yet 
they  have  only  one  annual  lestrous  period  (Heape). 

The  immediate  causes  of  the  prooestrous  and  cestrous  phe- 
,  nomcna  and  of  their  periodic  occurrence  are  as  yet  obscure. 
Animals,  however,  from  which  the  ovaries  have  been  completely 
removed  do  not  exhibit  the  phenomena,  and  it  has  recently 
been  found  that  in  such  animals  an  testrous  state,  or  at  least 
a  transient  condition  resembling  lEstrus  may  be  produced  by 
the  injection  of  an  extract  of  ovaries  taken  from  animals  in  a 
proojstrous  or  cestrous  state.  On  the  basis  of  this  it  has  been 
suggested  that  the  procestrous  and  testrous  phenomena  are  the 
results  of  an  internal  secretion  produced  by  the  ovaries  (Mar- 
shall and  Jolly). 

The  Corpus  Luteum. — With  die  setting  free  of  the 
ovum  the  usefulness  of  the  Graafian  follicle  is  at  an  end. 
and  it  begins  at  once  to  undergo  retrogressive  changes  which 
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rc>ult  primarily  in  tlie  formjilion  of  a  strtictiire  known  as 
tlic  corpus  lulciiiit  I  I'ijT.  1 1 ).  On  tlic  niptiire  of  the  follicle 
a  considerable  ])()rliiin  nf  the  stratum  graniilosnin  remains 
in  place,  an<i  usually  there  is  an  flTnsi<m  nf  a  greater  or  less 
anininit  of  hlnud  from  tlie  vessels  of  tjie  theca  interna  into 
the  foUiculiir  cavity.  Tlie 
split  in  ihe  wall  through 
wliicli  the  ovum  escaped 
siHiu  closes  over  and  the 
cavily  hcconies  filled  with 
ceils  separated  into  groups 
hy  trafieculif  ni  coiuiective 
tissue  cotUaininjf  hlood- 
vess(.-!>  (J''i;r-  1-').  These 
cells  cnutaiu  a  cousidcr- 
altle  aui'iunl  nf  ;i  ]icculiar 
yellow  pignienl  kiinwu  as 
Ititfin,  the  color  imparted 
to  the  follicle  l>y  this  suh- 
■K^-w  V-uinj;  snjjjjesled  the  nauie  cmpus  luteum  which  is 
n  ■'  ;.w':v»l  lo  it. 

'.'■  ■■^tcv  stages  there  is  a  gradual  iuirca>c  in  the  amount 

,    .- >'vv«."'.;\c  tissue  present  and  a  cinro'in'ndinf^  iliminu- 

■  :V  '.Moiii  cells,  the  ci>rpus  luteum  gr.idually  tosinff 

.,    "■.'»'    ,\v."'T  ."">»'  K'coming  couverteil   into  a   whitish, 

•  j  ,  _^  ^-.  ..  \-f  Ivvly,  llie  airpii.1  all'U-iiiis.  which  may  cveut- 

,  <■    ;::Ti-s,  o.vYiVftely  disain>ear.     Tliese  varinns  changes 

„    ,.,^   -.-.^^tiiml  follicle,  whether  or  not  the  ovum 

''  _  ^  -  ,!i;:,-iw.'  in  it  '«  fertilized.      I'-ut  the  rapidily 

.,.-,.-v,issUgts  of  retrogression  ensue  dilTers 

■"  "    ^"   '      _.^    ,.  »v.hcr  pregnancy  occurs  or  not,  and 

f  ■     ■"       _'"_    _.^-,-^.v.<.li  the  corpc)ra  lulea  which  are 

.  ..  -o.JT-..  ^^  ^^  .vr/ii'TO  '«/''«  «'■'"  ''■'""  •'"'■'^ 

—  .-.r-      ■      '       ^  .:;i.7K  am\  which  iovm  corporu  Inlca 
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Spuria.  Ill  tlie  latter  the  retrogression  of  the  follicle  is 
compleletl  usually  in  about  five  or  six  weeks,  while  the  cor- 
pora vera  persist  throughout  the  entire  duration  of  the  preg- 
nancy and  complete  their  retrogression  after  the  birth  of 
the  child. 

Two  very  different  \news  are  held  as  to  the  origin  of  the 


Fic.    1 2.^  Section 

Seventy  Houk; 

Tlie  cavily  of  ihe  follicle  is  almost  completely  filled  with  lutein  ccUa 
nmong  wliicli  is  a  certain  amount  of  connective  tissue,  g.  Blood- 
vessels;  ki-,   ovarial  epithelium. —  (Sobolta.) 

lutein  cells.  According  to  one,  which  may  be  termed  von 
Baer's  view,  the  cells  of  the  stratum  granulosum  remain- 
ing in  the  follicle  rapidly  undergo  degeneration  and  com- 
pletely disappear,  and  the  lutein  cells  and  connective-tissue 
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tratiecute  are  UyTvntrfi  ennirtW  mmi  the  cells  of  the  theca 
interna,  which  incr«a^  TZpi4W  txHh  in  size  and  number. 
The  r/iher  view  wa*?  fir^rt  a/Jvancerl  bv  BischofF  and  mav  be 
known  by  his  nanwr.  ft  3%  i<>  the  effect  that  the  granulosa 
cells  do  not  disintej^rii/e,  1/ut,  '/n  the  contrarj',  increase  rap- 
idly in  numl>er  an^l  W/yme  c/ytjverterl  into  the  lutein  cells, 
only  the  connective  tirr-j<:  arid  the  bK^><l-vesselsl3eing derived 
from  the  theca  interna. 

Which  of  these  two  vieAs  i^  aftrcct  is  at  present  uncer- 
tain. The  majority  oi  iho^  who  have  within  recent  years 
studied  the  formation  of  the  human  corpus  luteum  have 
expressed  themselves  in  favor  of  v^>n  Baer's  theory.  So- 
botta  has,  however,  made  a  thorough  study  of  the  phenom- 
ena in  a  perfect  series  of  mice  ovaries  and  has  demonstrated 
that  in  that  form  the  lutein  cells  are  derived  from  the  granu- 
losa cells.  It  would  be  strange  if  the  lutein  cells  had  a 
different  origin  in  two  different  mammals,  and  the  observa- 
tions on  mice  are  so  thorough  that  one  is  tempted  to  regard 
<liffcrent  results  as  being  due  to  imiK'rfectirms  in  the  series 
of  ovaries  studied,  important  steps  in  the  development  of 
the  oor|M>ra  lutea  being  thus  overl^KjIced.  This  temptation 
is»  nu>riM>vcr,  greatly  increased  by  the  fact  that  Sobotta's 
obsrrvatiims  have  been  confirmed  in  the  cases  of  several 
other  animals,  such,  for  instance,  as  the  rabbit  (Sobotta, 
||onou\  (*<»hn),  certain  bats  (van  der  Stricht),  the  sheep 
^NUuvImII).  thf  marsupial  dasyurus  (Sandes),  the  spermo- 
|4»tlv  O  ^*"^^'^  ^»  •^*^*'  ^'^^  gm'nea-pig  (Solx)tta).  The  weight 
i»l  v\i\lvnvv  i^  at  the  present  time  strongly  in  favor  of 
tt>xvhoir>i  \»v\\»  but  until  the  adverse  results  obtained  by 
V  Uv  kv  »»»d  ^»i*»v*i  ^  t  ton*  the  study  of  the  human  connis  luteum 
luj  iIhv<  i»bt.i»Mvsl  bv  Jankowski  from  the  pig  have  been 
^i,.^w»  u»  K^  »iKt»M\vt.  the  ([uestion  as  to  the  invariable 
v.,.v-iKM»  .1  tliv  Inivom  vdK  from  the  stratum  granulosum 
•..^-v.  s  \i»    'IS**      ^»»»vv  »t  i^  Ih'I*1  t'l*'^^  l^^^t'i  ^'^^  granulosa 
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and  theca  cells  are  derivatives  of  the  embryonic  ovarial 
epithelium  the  essential  differences  between  the  two  origins 
that  have  been  ascribed  to  the  hiteiim  cells  may  not  be  so 
great  as  has  been  supposed. 

The  prevalent  tendency  toward  attributing  internal  secre- 
tions to  obscure  organs  has  not  allowed  the  corpus  luteum  to 
escape,  and  it  has  been  suggested  (Marshall  and  Jolly)  that  it 
provides  a  secretion  which  is  essential  for  the  changes  taking 
place  during  the  fixation  of  the  embryo  and  for  its  develop- 
ment during  the  early  stages.  In  support  of  this  view  it  has 
been  found  that  if  the  ovaries  were  removed  from  rats  and 
bitches  at  various  stages  after  impregnation,  pregnancy  did 
not  continue  if  the  operation  were  performed  during  its  earlier 
stages. 

The  Maturation  of  the  Ovum.— Returning  now  to  the 
ov-um,  it  has  been  shown  that  at  the  time  of  its  extrusion 
from  the  Graafian  follicle  it  is  not  equivalent  to  a  sperma- 
tozoon but  to  a  primary  spermatocyte,  and  it  may  lje  remem- 
bered that  such  a  spermatocyte  becomes  convertecl  into  a 
spermatozoon  only  after  it  has  nmlergone  two  divisions, 
during  which  there  is  a  reduction  of  the  number  of  the 
chromosomes  to  one  half  the  number  characteristic  for  the 
species. 

Similar  divisions  and  a  similar  reduction  of  the  chromo- 
somes occur  in  the  case  of  the  ovum,  constituting  what  is 
termed  its  inaturatiott.  The  phenomena  have  not  as  yet 
been  observed  in  human  ova,  and,  indeed,  among  mammals 
only  with  any  approach  to  completeness  in  the  mouse 
(Sobotta),  and  guinea-pig  (Rubaschkin) ;  but  they  have 
been  observed  in  so  many  other  forms,  both  vertebrate  and 
invertebrate,  and  present  in  all  cases  so  much  uniformity 
in  their  general  features,  that  there  can  be  little  question  as 
to  their  occurrence  in  the  human  ovum. 

In  typical  cases  the  ovum  (the  primary  oocyte)  under- 
goes a  division  in  the  prophases  of  which  the  chromatin 
aggregates  to  form  half  as  many  tetrads  as  there  are  chro- 


28 


THE    MATURATION    OF   THE   OVUM. 


mosonies  in  the  somatic  cells  (Fig.  13,  oc^)  and  at  the  meta- 
phase  a  dyad  from  each  tetrad  passes  into  each  of  the  two 
cells  that  are  formed.  These  two  cells  (secondary  oocytes) 
are  not,  however,  of  the  same  size;  one  of  them  is  almost 


Fk;.    13. —Diagram    iLLrsTRATiNc.    the   Reduction    of   the   Chromo- 
somes  DURING  THE    MATURATION   OF   THE   OvUM. 

o.  Ovum;  or\  oocyte  of  the  first  generation;  oc*,  oocyte  of  the  second 

generation;  />,  polar  glohule. 

as  large  as  the  original  primary  oocyte  and  continues  to  be 
called  an  ovum  (oc^)y  while  the  other  is  very  small  and  is 
termed  a  polar  globule  (/>).  A  second  division  of  the  ovum 
quickly  succeeds  the  first   (Vig.    13,  oc^)y  and  each  dyad 
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gives  a  single  chromosome  to  each  of  the  two  cells  which 
result,  so  that  each  of  these  cells  possesses  half  the  number 
of  chromosomes  characteristic  for  the  species.  The  second 
division,  hke  the  first,  is  unequal,  one  of  the  cells  beiug 
relatively  very  large  and  constituting  the  mature  ovum, 
while  the  other  is  small  and  is  the  second  polar  globule. 
Frequently  the  first  polar  globule  divides  during  the  forma- 
tion of  the  second  one,  a  reduction  of  its  dyads  to  single 
chromosomes  taking  place,  so  that  as  the  final  result  of  the 
maturation  four  cells  are  formed  (Fig.  13),  the  mature 
ovum  (o),  and  three  polar  globules  (p),  each  of  which  con- 
tains half  the  number  of  chromosomes  characteristic  for 
the  species. 

The  similarity  of  the  maturation  phenomena  to  those 
of  spermatogenesis  may  be  perceived  from  the  following 
diagram : 

0/->.  Speimalo- 

{■J  cyie  1 

/\        /\ 

ow."    o         o         O       O    '"?,™r 


06    60     00    O  0*™.«d. 


In  both  processes  the  number  of  cells  produced  is  the  same 
and  in  both  there  is  the  same  reduction  of  the  chromosomes. 
But  while  each  of  the  four  spermatids  is  functional,  the 
three  polar  globules  are  non-functional,  and  are  to  be  re- 
garded as  abortive  ova,  formed  during  the  process  of  reduc- 
tion of  tlie  chromosomes  only  to  undergo  degeneration.  In 
other  words,  three  out  of  every  four  potential  ova  sacrifice 
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themselves  in  order  that  the  fourth  ni;iy  Iiavc  t!ic  hulk,  that 
is  to  say,  the  amount  of  nutritive  material  and  cytoplasm 
tKcessary  for  successful  development. 

In  the  mouse,  which  for  the  present  must  lie  taken  as 
type  of  the  mammalia,  the  majority  of  ova  show  an  appar- 
ent departure  from  the  processes  just  ilescribed.  The  niim- 
Iwr  of  chromosomes  occurring  in  the  somatic  cells  of  the 
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wmi  1»  twtnty-four.  The  first  maturation  spiiKlle  (Fig. 
H)  p»iMW«*  twelvt  dimmosomes.  wliich  from  analogy 
«Wl  Ita  Vnvtr  l.irms  may  be  assuiiiwl  to  lie  tetrads,  aiij 
iW w»  IW  imlavliM  each  cliromosome  ilivides  transversely, 
(W  (..Wi  ijVWe  teceiviiiB  twelve  cliromosoines,  presuni- 
■Uy  il)«l>.  »Wc  t«e\ve  vemara  within  the  ovum.     So  far 
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the  process  is  essentially  typical,  but  in  at  least  75  i>er  cent. 
of  the  ova  examined  only  one  polar  globule  cnulil  be  ob- 
served. In  the  remaining  25  per  cent,  two  |K)lar  globules 
occurred,  the  twelve  chromosomes  again  dividing  trans- 
versely, so  that  the  second  polar  globule  and  the  ovum  each 
received  twelve  chromosomes  and  the  reduction  was  typical- 
Recent  observations,  however,  favor  the  idea  that  110  real 
deviation  from  the  normal  reduction  phenomena  occurs  in 
the  ovum  of  the  mouse.  Gerlach  holds  that  the  failure  of 
the  second  polar  globule  does  not  indicate  the  non-occur- 
rence of  the  second  maturation  mitosis,  but  merely  that 
this,  owing  to  the  lale  entrance  of  a  spermatozoon  develops 
in  such  a  plane  or  in  such  a  position  that  the  pole  of  the 
spindle  does  not  reach  the  surface  of  the  ovum,  the  polar 
globule,  consequently,  not  being  extruded,  but  remaining 
within  the  ovum,  where  its  chromosomes  later  degenerate. 
Kirkham,  however,  goes  even  farther,  ami  maintains  that 
the  second  polar  globule  is  formed  in  all  fertilized  ova,  the 
first  one  in  the  meantime,  however,  having  escaped  through 
the  zona  pellucida  in  the  majority  of  the  ova.  so  that  the 
appearance  of  but  a  single  globule  is  presented.  If  this 
la.st  view  be  cirrect  then  the  maturation  phenomena  of  the 
mouse's  ovum  are  perfectly  typical. 

The  Fertilization  of  the  Ovum. — ^It  is  perfectly  clear 
that  the  reduction  of  the  chromosomes  in  Hie  germ  cells 
cannot  very  long  be  repeated  iu  successive  generations  unless 
a  restoration  of  the  original  number  takes  place  occasion- 
ally, and,  as  a  matter  of  fact,  such  a  restoration  occurs  at 
the  very  l>eginning  of  the  development  of  each  individual, 
Iwing  brought  about  by  the  union  of  a  s])ermatozo6n  with 
an  ovum.  This  union  constitutes  what  is  known  as  the 
fertilicaiion  of  the  ovum. 

The  fertilization  of  the  human  ovum  has  not  yet  liecn 
observed,  but  the  phcTiomenon  has  been  repeatedly  studied 
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ill  lower  forms,  and  a  thorough  stiicly  of  tlie  process  has 
been  made  on  tlie  mouse  by  Sobotta,  whose  observations  are 
taken  as  a  basis  for  the  following  account. 

The  maturation  of  the  ovum  is  quite  independent  of  fer- 
tilization, but  in  many  forms  the  penetration  of  the  sperma- 
tozoon into  the  ovum  takes  place  before  the  maturation 
phenomena  are  completed.  This  is  the  case  with  the  mouse. 
A  spermatozoon  makes  its  way  through  the  zona  pellucida 
and  becomes  embedded  in  the  cytoplasm  of  the  ovum  and 
its  tail  is  quickly  absorbed  by  the  cytoplasm  while  its  nucleus 
and  probably  the  middle-piece  persist  as  distinct  structures. 
As  soon  as  the  maturation  divisions  are  completed  the 
nucleus  of  the  ovum,  now  termed  the  female  pronudcns 
(Fig.  15,  ck^,  migrates  toward  the  center  of  the  ovum, 
and  is  now  destitute  of  an  archoplasm  sphere  and  centro- 
some,  these  structures  having  disappeared  after  the  com- 
pletion of  the  maturation  divisions.  The  spermatozoon 
nucleus,  which,  after  it  has  penetrated  the  ovum,  is  termed 
the  male  promiclcus  {spk),  may  lie  at  first  at  almost  any 
point  in  the  peripheral  part  of  the  cytoplasm,  and  it  now 
begins  to  approach  the  female  pronucleus,  preceded  by  the 
middle-piece,  which  becomes  an  archoplasm  sphere  with  its 
contained  centrosome  and  is  surrounded  by  astral  rays. 
The  two  pronuclei  finally  come  into  contact  near  the  center 
of  the  ovum,  forming  what  is  termed  the  segmentation 
nucleus  (Tig.  15).  and  the  archoplasm  sphere  and  centro- 
some which  have  been  introduced  with  the  spermatozoon 
undergo  division  and  the  two  archoplasm  spheres  so  formed 
migrate  to  opjxjsite  jKiles  of  the  segmentalion  nucleus,  an 
aniphiaster  forms  and  the  compound  nucleus  passes  through 
the  various  prophases  of  mitosis.  Since,  in  the  mouse,  the 
male  and  female  pronuclei  have  each  contributed  twelve 
chromosomes,  the  equatorial  plate  of  the  mitosis  is  com- 
]>osed  of  twenty-four  chromosomes,  the  number  character- 
istic for  the  sfiecies  being  thus  restored. 
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UviiM   OF  A  Mouse. 
After  I  he  first  stage  figured  it  is  impossible  to  determine  which  of  the 
two  nuclei  represents  the  male  or  female  pronucleus,    ck.  Female 
pronucleus;   rk\  and  rfei,  polar  globules;  tpk,  male  pronucleus. — 
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It  seems  to  be  a  rule  that  but  one  spermatozoon  pene- 
trates the  (.miin.     Many,  of  course,  come  into  contact  with  ' 
it  and  endeavor  to  penetrate  it,  but  so  soon  as  one  has  been  I 
successful  in  its  endeavor  no  further  penetration  of  others  j 
occurs.     The  reasons  for  this  are  in  most  cases  obscure; 
experiments  on  the  ova  of  invertebrates  have  shown  that 
the  subjection  of  the  ova  to  abn«imia]  conditions  which 
impair  their  vitaHty  favors  the  penetration  of  more  than  a 
single  spermatozoon  (polysperiiiy),  and,  indeed,  it  appears 
that  in  some  forms,  such  as  the  common  newt  (Dicmycly-   ' 
lus),  polyspenny  is  the  rule,  only  one  of  the  spermatozoa, 
however,  which  have  penetrated  uniting  with  the   female 
pronucleus,  the  rest  being  absorbed  by  the  cytoplasm  of 
the  ovum. 

Fertilization  marks  the  beginning  of  development,  and 
it  is  therefore  important  that  something  should  be  known 
as  to  where  and  when  it  occurs.  It  seems  probable  that 
in  the  human  species  the  s])erm3tozoa  usually  come  into 
contact  with  the  ovum  and  fertilization  ensues  in  the  upper 
part  ni  the  Fallopian  tubes,  and  the  occurrence  of  extra- 
uterine pregnancy  (see  p.  21)  seems  to  indicate  that  occa- 
sionally the  ovum  may  Iw  fertilized  even  before  it  has  been 
received  into  the  tube- 
It  is  evident,  then,  that  when  fertilization  is  accomplished 
the  spermatozoon  must  have  traveled  a  distance  of  about 
twenty-four  centimeters,  the  length  of  the  upper  part  of 
the  vagina  l«ing  taken  to  be  about  5  cm.,  that  of  the  uterus 
as  7  cm.,  and  that  of  the  tube  as  12  cm.  A  considerable 
interval  of  time  is  required  for  the  completion  of  this  jour- 
ney, even  though  the  movement  of  the  spermatozoon  be 
tolerably  rapid.  The  observations  of  Henle  and  Hensen 
indicate  that  a  spermatozoon  may  progress  in  a  straight 
line  at  about  the  rate  of  from  i.j  to  2.7  mm.  per  minute, 
while  Lott  finds  the  rate  to  be  as  high  as  3.6  mm.     Assum- 
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iiig  the  rate  of  progress  to  be  about  2,5  mm,  per  minute, 
the  time  required  by  the  spermatozoon  to  travel  from  the 
upper  part  of  the  vagina  to  the  upper  part  of  a  Fallopian 
tube  will  be  about  one  and  a  half  hours  (Strassman).  This, 
however,  assumes  that  there  are  no  obstacles  in  the  way  of 
the  rapid  progress  of  the  spermatozoon,  which  is  not  the 
case,  since,  in  the  first  place,  the  irregularities  and  folds  of 
the  lining  membrane  of  the  tu1)e  render  the  path  of  the 
spermatozoon  a  labyrinthine  one,  and,  secondly,  the  action 
of  the  cilia  of  the  epithelium  of  the  tube  and  uterus  being 
from  the  ostium  of  the  tube  toward  the  os  uteri,  it  will 
greatly  retard  the  progress;  furtherniore,  it  is  presumable 
that  the  rapidity  of  movement  of  the  spermatozoon  dimin- 
ishes after  a  certain  interval  of  time.  It  seems  probable, 
therefore,  that  fertilization  does  not  occur  for  some  hours 
after  coition,  even  providing  an  ovum  is  in  the  tube  await- 
ing the  approach  of  the  spermatozoon. 

But  this  condition  is  not  necessarily  present,  and  con- 
sequently the  question  of  the  duration  of  the  vitality  of 
the  sperm  cell  becomes  of  importance.  Ahlfeld  has  found 
that,  when  kept  at  a  proper  temperature,  a  spermatozoon 
will  retain  its  vitality  outside  the  body  for  eight  days,  and 
Dtihrssen  reports  a  case  in  which  living  spermatozoa  were 
found  in  a  Fallopian  tube  removed  from  a  patient  who  had 
last  been  I'li  coitu  about  three  and  a  half  weeks  previously. 
As  regards  the  duration  of  the  vitality  of  the  ovum  less 
accurate  data  are  available,  Hyrti  found  an  apparently 
normal  ovum  in  the  uterine  portion  of  the  left  tube  of  a 
female  who  died  three  days  after  the  occurrence  of  her 
second  menstruation,  and  Issmer  estimates  the  duration  of 
the  capacity  for  fertilization  of  an  ovum  to  be  about  sixteen 
days. 

It  is  evident,  then,  that  even  when  the  exact  date  of  the 
coitus  which  led  to  the  fertilization  is  known,  the  actual 
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mrinient  of  llie  latter  process  can  only  be  approximated, 
and  in  tlie  immense  majority  of  cases  it  is  necessary  to 
rely  upon  the  date  of  the  last  menstruation  for  an  estima- 
tion of  the  probable  date  of  parturition.  And  by  this 
method  the  possibilities  for  error  are  much  greater.  It 
has  been  seen  that  ovulation  usually,  though  not  invariably, 
is  associated  with  menstruation,  but  it  is  uncertain  whether 
the  ovum  whose  fertilization  has  resulted  in  a  pregnancy 
was  expelled  from  its  follicle  during  the  last  menstrual 
period  which  occurred,  or  during  or  just  preceding  the  first 
omitted  period.  Both  views  have  been  advocated,  but  it 
seems  probable  that  the  latter  case  is  tiie  more  frequent, 
the  fertihzed  ovum  being  one  which  has  been  expelled  from 
its  follicle  subsequent  to  the  last  menstruation  which  oc- 
curred. The  duration  of  pregnancy  is  normally  ten  lunar 
or  about  nine  calendar  months  and  it  is  customary  to  esti- 
mate the  probable  date  of  parturition  as  nine  months  and 
seven  days  from  the  last  menstruation.  From  what  has 
been  said,  it  is  clear  that  any  such  estimation  can  be  de- 
pended upon  only  as  an  approximation,  the  possible  varia- 
tion from  it  being  considerable. 

Superfetation. — The  occasional  occurrence  of  twin  fetuses 
in  different  stages  of  development  has  suggested  the  possi- 
bility of  the  fertilization  of  a  second  ovum  as  the  result  of  a 
coition  at  an  appreciable  interval  of  time  after  the  first  ovum 
has  started  upon  its  development.  There  seems  to  be  good 
reason  for  believing  that  many  of  the  cases  of  supposed  super- 
fetation,  as  this  phenomenon  is  termed,  are  instances  of  the 
simultaneous  fertilization  of  two  ova,  one  of  which,  for  some 
cause  concerned  with  the  supply  of  nutrition,  has  later  failed 
to  develop  as  rapidly  as  the  other.  .\l  the  same  time,  how- 
ever, even  although  the  phenomenon  may  be  of  rare  occurrence, 
it  is  by  no  means  impossible,  for  occa.sionally  a  second  Graafian 
follicle,  either  in  the  same  or  the  other  ovary,  may  be  so  near 
maturity  that  its  ovum  is  extruded  soon  after  the  first  one, 
and  if  the  development  of  the  latter  and  the  incidental  changes 
in  the  uterine  mucous  membrane  have  not  proceeded  so  far 
as  to  prevent  the  access  of  the  spermatozoon  to  the  ovum. 
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its  fertilization  and  development  may  ensue.  The  changes, 
however,  which  prevent  the  passage  of  the  spermatozoon  are 
completed  early  in  development  and  the  difference  between 
the  normally  developed  embrjo  and  that  due  to  superfetation 
will  be  comparatively  small,  and  will  become  less  and  less 
evident  as  development  proceeds,  provided  that  the  supply  of 
nutrition  to  both  embryos  is  equal. 
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CHAPTER    II. 

THE  SEGMENTATION  OF  THE  OVUM  AND  THE  . 
FORMATION  OF  THE  GERM  LAYERS. 

Segmentation. — Tlie  union  of  tlie  male  and  female  pro- 
nuclei has  already  been  described  as  being  accompanied  by 
the  formation  of  a  mitotic  spindle  which  produces  a  division 
of  the  ovum  into  two  cells.  This  first  division  is  succeeded 
at  more  or  less  regular  intervals  by  others  until  a  mass  of 
cells  is  produced  in  which  a  differentiation  eventually  ai>- 
pears.  These  divisions  of  the  ovum  constitute  what  is 
termed  its  segmentation. 

The  mammalian  ovum  has  behind  it  a  long  line  of  evolu- 
tion, and  even  at  early  stages  in  its  development  it  exhibits 
peculiarities  which  can  only  be  reasonably  explained  as  an 
inheritance  of  past  conditions.  One  of  the  most  potent 
factors  in  modifying  the  character  of  the  segmentation  of 
tlie  ovum  is  the  amount  of  f(X)d  yolk  which  it  contains,  and 
it  seems  to  be  certain  that  the  immediate  ancestors  of  the 
mammalia  were  forms  whose  ova  contaiiied  a  considerable 
amount  of  yolk,  many  of  the  peculiarities  resulting  from  its 
presence  being  still  clearly  indicated  in  the  early  develop- 
ment of  the  almost  yolkless  mammalian  ovum.  To  give 
some  idea  of  the  peculiarities  which  result  from  the  presence 
of  considerable  amounts  of  yolk  it  will  be  well  to  compare 
the  processes  of  segmentation  and  differentiation  seen  in  ova 
with  different  amounts  of  it. 

A  little  below  the  scale  of  the  vertebrates  proper  is  a 
form,  Amphioxus,  which  possesses  an  almost  yolkless  ovum, 
presenting  a  simple  process  of  development.     The  fertilized 
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ovum  of  Amphioxtts  in  its  first  division  separates  into  two  ' 
similar  and  equal  cells,  and  these  are  made  four  (Fig.  i6, 
A)  by  a  second  plane  of  division  which  cuts  the  previous 
one  at  right  angles.  A  third  plane  at  right  angles  to  both 
the  preceding  ones  brings  about  an  eight-celled  stage  (Fig. 
16,  B),  and  further  divisions  result  iii  the  formation  of  a 
"  large  number  of  cells  which  arrange  themselves  in  the  form  I 
of  a  hollow  sphere  which  is  knovvnasaft/uj/K/o  (Fig.  i6,E). 


Fir.  16— Staues  in  the  Seism EMTATrnN 

A,  FQiir-ccllcil  stBge;  B,  eight-celled  stage;  C, 

early  blastula;  II.  blaslula;  F  '  '  " 


sen-celled  stage;  J 
of  hiastula.— (//afjfhirt.) 


The  minute  amoimt  of  yolk  which  is  present  in  the  ovum, 
of  Amphioxus  collects  at  an  early  stage  of  the  segmentation 
at  one  pole  of  the  ovum,  the  cells  containing  it  being  some- 
what larger  than  those  of  the  other  pole  (Fig-  16,  B),  and 
ill  the  hiastula  the  cells  of  one  pole  are  larger  and  more 
richly  laden  with  yolk  than  those  of  the  other  pole  (Fig. 
16,  F).  If,  now,  the  segmenting  ovum  of  an  Amphibian 
be  examined,  it  will  be  found  that  a  very  much  greater 
amount  of  yolk  is  present  and,  as  in  Amphioxus,  it  is  located 
especially  at  one  jKile  of  the  ovum.  The  first  three  planes 
of   segmentation   have    Ihe   r^anie   relative   pnsitinns   as   in 


I 
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AmphioxHs  (Fig.  i6),  but  one  of  the  tiers  of  cells  of  tlie 
eight-celled  stage 'is  very  much  smaller  than  the  other  (Fig- 
17,  B).  In  the  subseqiaent  stages  of  segmentation  the  small 
cells  of  the  upper  pole  divide  more  rapidly  than  the  larger 
ones  of  the  lower  pole,  the  activity  of  the  latter  seeming  to 
be  retardeil  hy  the  accumulation  of  the  yolk,  and  the  result- 


<r> 


Fig.    17. — Stages    1 

ing  hiastula  (Fig.  17,  D)  shows  a  very  decided  difference 
in  the  size  of  the  cells  of  the  two  poles. 

In  the  ova  of  reptiles  and  birds  the  amount  of  y{ilk  stored 
lip  in  the  ovum  is  very  much  greater  even  than  in  the  am- 
phibia, and  it  is  aggregated  at  one  pole  of  the  ovum  of 
which  it  forms  the  principal  mass,  the  yolkless  protoplasm 
appearing  as  a  small  disk  upiin  the  surface  of  a  relatively 
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huge  nia^s  of  yolk.     The  inertia  of  this  mass  of  nutritiwi 
material  is  so  great  that  the  seginentatiori  is  confined  to  t 
small  yolkless  disk  of  protoplasm  and  affects  consequent 
only  a  portion  of  tlie  entire  ovum.     To  distinguish  this  fan 
of  segmentation  from  that  uhicli  alTects  the  entire  o\imi  ifi 


is  temietl  merchhstic  segmentation,  tlie  other  form  l>eing'l 
known  as  kolohlastic. 

In  the  ovum  of  a  turtle  or  a  bird  the  first  plane  of  seg- 
mentation crosses  the  protoplasmic  disk,  dividing  it  into 
two  practically  equal  halves,  and  the  second  plane  forms 
at  approximately  right  angles  to  the  first  one,  dividing  the 
disk  into  four  quadrants  (Fig.  18,  A).  The  third  division, 
like  the  two  which  precede  it.  is  radial  in  position,  while 
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tlie  fuurth  is  circular  and  cuts  uflf  llie  inner  ends  of  the  six 
cells  previously  formed  (Figr.  i8,  D).  The  disk  now  con- 
sists of  six  central  smaller  cells  surrounded  by  six  larger 
peripheral  ones.  Beyond  this  period  no  regularity  can  be 
discerned  in  the  appearance  of  the  segmentation  planes;  but 
radial  and  circular  divisions  continuing  to  form,  the  disk 
becomes  divided  into  a  large  number  of  cells,  those  at  the 
center  being  much  smaller  than  those  at  the  periphery.  In 
the  meantime,  however,  the  smaller  central  cells  have  begun 


bi.  \th< 


:   v.  yilk-ll 


to  divide  in  ])laues  parallel  to  the  surface  of  the  disk,  which, 
from  being  a  simple  plate  of  cells,  thus  becomes  a  discoidal 
I  cell-mass. 

During  the  segmentation  of  the  disk  it  has  increased 

materially  in  size,  extending  further  and  further  over  the 

surface  of  the  yolk,  into  the  substance  of  which  some  of 

'  the  lower  celts  of  the  discoidal  cell-mass  have  penetrated, 

I A  comparison  of  the  diagram  (Fig.  19)  of  the  ovum  of 

Ea  reptile  at  about  this  stage  of  development  with  the  figure 

of  the  amphibian  blastiila   (Fig.   17,  D)   will  indicate  the 
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similarity  between  the  two,  the  large  yolk-mass  of  the  rep- 
tile (V)  with  the  scattered  cells  which  it  contains  corre- 
sponding to  the  lower  pole  cells  of  the  amphibian  blastiila, 
the  central  cavity  of  which  is  practically  suppressed  in  the 
reptile.  Beyond  this  stage,  however,  the  similarity  becomes 
nK^rc  obscured.  The  peripheral  cells  of  the  disk  continue 
to  extend  over  the  surface  of  the  yolk  and  finally  completely 
enclose  it,  f()rming  an  cnrclo/^ini^  layer  which  is  completed 
at  the  upper  pole  of  the  e^g  by  the  discoidal  cell-mass,  or, 
as  it  is  usually  termed,  the  blastoderm. 

Turning  now  to  the  mammalia,*  it  will  be  found  that 
the  ovum  in  the  great  majority  is  almost  or  quite  as  desti- 
tute of  food  yolk  as  is  the  ovum  of  Amphioxus,  wath  the 
result  that  the  segmentation  is  of  the  total  or  holoblastic 
type.  It  does  not,  however,  proceed  with  that  regularity 
which  marks  the  segmentation  of  Amphioxus  or  an  am- 
phibian, but  while  at  first  it  divides  into  two  slightly  unequal 
cells  (Fig.  20),  thereafter  the  divisions  become  irreg^ilar, 
three-celled,  four-celled,  five-celled,  and  six-celled  stages 
having  been  observed  in  various  instances.  Xor  is  the  re- 
sult of  the  final  segmentation  a  hollow  vesicle  or  blastula, 
but  a  sohd  mass  of  cells,  termed  a  mi>ntla,  is  formed.  This 
structure  is  not,  however,  comparable  to  the  blastula  of  the 
lower  forms,  but  corresponds  tn  a  stage  of  reptilian  devel- 
opment a  little  later  than  that  shown  in  I-'ig.  19,  since,  as 
wiil  Ik  shown  directly,  the  cells  corresponding  to  the  blasto- 
derm and  the  enveloping  layer  are  already  present.  There 
i>.  theri.  no  blastula  stage  in  the  mammalian  development. 

rhrenentiation  now  begins  by  the  perii)lK'ral  cells  of  the 
m  »r::"»i  heciMiiing  less  spherical  in  shape  and  later  farming 
L  ';i.ye-  ::  :iiauened  cells,  the  enveloi)ing  layer,  surrounding 

'Tn-.  *^:pT:^fT.':*:ioin  of  ihc  htiman  ovum  has  imi  yrt  lucii  (»l»>t*rvcil; 
"■"^s^"  -  '-~^'  ^  Tu->rd  on  ^hal  occurs  in  the  ovum  of  thi;  r.'ibhit.  mole. 
=..  sf-ail :   x  L  V.y:  '.Van  Benedcn). 
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the  more  spherical  central  cells  (Fig.  21,  A).  In  the  latter 
vacuoles  now  make  their  appearance,  especially  in  those  cells 
which  are  nearest  what  may  be  regarded  as  the  lower  pole 
of  the  ovum  (Fig.  21,  C).  and  these  vacuoles,  gradually 
increasing  in  size,  eventually  hccnme  cunHucnt,  the  condi- 


X.   Pflar  globule-— {i"o6o/fll.) 

tion  represented  in  Fig.  21,  D,  being  produced.  At  this 
stage  the  ovum  consists  of  an  enveloping  layer,  enclosing  a 
cavity  which  is  ecjuivalent  to  the  yolk-mass  of  the  reptilian 
ovum,  the  vacuolization  of  the  inner  cells  of  the  morula 
representing  a  belated  formation  of  yolk.  On  the  inner 
surface  of  the  enveloping  layer,  at  what  may  be  termed  the 
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Upper  pole  of  the  ovum,  is  a  mass  of  cells  projecting  into 
the  yolk-cavity  and  forming  what  is  known  as  the  inner 
cell-mass,  a  structure  comparable  to  the  blastoderm  of  the 
reptile.  In  one  respect,  however,  a  difference  obtains,  the 
inner  cell-mass  being  completely  enclosed  within  the  envel- 
oping cells,  which  is  not  the  case  with  the  blastoderm  of  the 
reptile.  That  portion  of  the  enveloping  layer  which  covers 
the  cell-mass  has  been  termed  Raiibcr's  covering  layer,  and 
probably  owes  its  existence  to  the  precocity  of  the  formation 
of  the  enveloping  layer. 

It  is  clear,  then,  that  an  explanation  of  the  early  stages 
of  development  of  the  mammalian  ovum  is  to  be  obtained 
by  a  comparison,  not  with  a  yolkless  ovum  such  as  that  of 
Amphioxus,  but  with  an  ovum  richly  laden  with  yolk,  such 
as  the  meroblastic  ovum  of  a  reptile  r>r  bird.  In  these  forms 
the  nutrition  necessary  for  the  growth  of  the  embryo  and 
for  the  complicated  processes  of  development  is  provided 
for  by  the  storing  up  of  a  quantity  of  yolk  in  the  ovum, 
the  embryo  being  thus  independent  of  external  sources  for 
food.  The  same  is  true  also  of  the  lowest  mammalia,  the 
Monotremes,  which  are  egg-laying  forms,  pnxlucing  ova 
resembling  greatly  those  of  a  reptile.  When,  however,  in 
the  higher  mammals  the  nutrition  of  the  embryo  became 
provided  for  by  the  attachment  of  the  embryo  to  the  walls 
of  the  uterus  of  the  parent  so  that  it  could  be  nourishe<l 
directly  by  the  parent,  the  storiTig  up  of  yolk  in  the  ovum 
was  unnecessary  and  it  became  a  holohlastic  ovum,  although 
many  peculiarities  dei^endent  on  the  original  meroblastic 
condition  persisted  in  its  development. 

Twin  Development. — As  a  rule,  in  the  human  species  but  one 
embryo  develops  at  a  time,  but  the  occurrence  of  twins  is  by 
no  means  infrequent,  and  triplets  and  even  quadruplets  occa- 
sionally are  developed.  The  occurrence  of  twins  may  be  due 
to  two  causes,  either  to  the  simultaneous  ripening  and  fertiliza- 
tion of  two  ova,  either  from  one  or  from  both  ovaries,  or  to  the 
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separation  of  a  sinj^^le  fenilizc«l  fjviini  into  two  independent 
parts  during  the  early  sta$:t:>  of  development.  That  twins 
may  be  produced  by  this  latter  i)roce>s  has  been  abundantly 
shown  by  experimentation  iip«in  developing  ova  of  lower  forms, 
each  oi  the  two  cells  of  an  .linl^hio.vus  ovum  in  that  stage  of 
development,  if  mechanically  separated,  completing  its  devel- 
ojMnent  and  producing  an  embryo  of  about  half  the  normal 
size. 

Double  Ministers  and  the  Duplieiitiini  of  Parts. — The  occa- 
sional occurrence  of  clouble  m«)nsters  is  explained  by  an  imper- 
fect separati«»n  into  twu  parts  t»f  an  r»riginally  single  embryo, 
the  extent  of  the  separation,  and  probably  also  the  stage  of 
develf)j)ment  at  which  it  occurs,  detennining  the  amount  of 
fusion  of  the  two  individuals  constituting  the  monster.  All 
gradations  of  separation  occur,  from  almost  complete  separa- 
tion, as  seen  in  such  cases  as  the  Siamese  twins,  to  forms  in 
which  the  two  individuals  are  united  throughout  the  entire 
length  of  their  Ixxlies.  The  >ii>arati«»n  may  also  affect  only 
a  portion  of  the  embryo ».  pnMliiciiiLT.  i"r  instance,  double- 
faced  or  double-headed  ir.-':isier>  or  vari"iis  fi  I'ns  of  so-called 
parasitic  monsters:  an«l.  tinall),  it  may  afiVit  i.iily  a  group  of 
cells  destined  to  form  a  >iieoial  organ.  jjpMlucing  an  excess  of 
parts,  such  as  sujicriuiiiKrary  digits  or  accessory  spleens. 

It  has  been  Mh-i^rvi-il  in  ilie  case  of  double  mr^nsters  that  one 
of  the  two   fn*^i<l   individuals  always  ha^  llie  ])nsition  of   its 
varinns    «ir!L;ans    rever<e«l.    it    being.   a<    it    were,    the    looking*- 
gla>-  image  nf  its  fell«>\v.     I'ases  <*\   a  similar  situs  int^ersus 
7isrcntni.  as  it  is  called,  have  not   infrequently  been  observed 
ill  siii^de  inrlividuals.  and  a  plausible  e\])lanati(>n  <»f  such  cases 
regards  tlieni  as  oiu*  of  a  ])air  of  twins  formed  by  the  division 
of  a   single   embryo,    the   other   indivi<lual    having   ceased    to 
develop  and  either  having  undergone  degeneration  or.  if  the 
separation  was  an  incomplete  one,  being  included  within  the 
body  of  the  apparently  single  indivi<lual.     Aiu»ther  exi)lanation 
of  situs  inversus  has  been  advanced  (Conklin  )  on  the  basis  of 
what   has  been  observed    in   certain   invertebrates.     In   some 
s] ur ies  of  snails  situs  inversus  is  a  normal  condilirni  and  it 
lias  been  found  that  the  inversion  may  be  traced  back  in  the 
(livi'lo])ment  even  to  the  earliest   segmentation   stages.     The 
comhision   is  thereby  indicated   that  its  ])fimary  cause  mav 
n-icK'  in  an  inversion  of  the  polarity  of  the  ovum,  evidence 
briiiL;  forlhconiing  in  favor  of  the  view  that  even  in  the  ovum 
Ml"  ilu'se  and  other  forms  there  is  probably  a  distinct  polar 
(lirfcrcntiation.     I  low  far  this  view  may  be  aj)j)licable  to  the 
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mammalian  ovum  is  uncertain,  but  if  it  be  applicable  it  ex- 
plains the  phenomenon  of  inversion  without  complicating  it 
with  the  question  of  twin-formation. 

The  Formation  of  the  Germ  Layers. — During  the 
stages  which  have  been  described  as  belonging  to  the  seg- 
mentation period  of  development  there  has  been  but  little 
differentiation  of  the  cells.  In  Amphioxiis  and  the  am- 
phibians the  cells  at  one  pole  of  the  blastula  are  larger  and 
more  yolk-laden  than  those  at  the  other  pole,  and  in  the 
mammals  an  inner  cell-mass  can  Iw  distinguished  from  the 
enveloping  cells,  this  latter  differentiation  having  been 
anticipated  in  the  reptiles  and  being  a  differentiation  of  a 
portion  of  the  ovum  from  which  alone  the  embryo  will 
develop  from  a  portion  which  will  give  rise  to  accessory 
structures.  In  later  stages  a  difFerentiation  of  the  inner 
cell-mass  occurs,  resulting  first  of  all  in  the  formation  of  a 
two-layered  or  diploblaslk  and  later  of  a  three-layered  or 
Iriploblaslic  stage. 

Just  as  the  segmentation  has  been  shown  to  be  profoundly 
modified  by  the  amount  of  yolk  present  in  the  ovum  and  by 
its  secondary  reduction,  so,  too,  the  formation  of  the  three 
primitive  layers  is  much  modified  by  the  same  cause,  and 
to  get  a  clear  understanding  of  the  formation  of  the  triplo- 
blastic  condition  of  the  mammal  it  will  be  necessary  to  de- 
scribe briefly  its  development  in  lower  forms. 

In  Amphioxus  the  diploblastic  condition  results  from  the 
flattening  of  the  large-celled  pole  of  the  blastula  (Fig.  22, 
A),  and  finally  from  the  invagination  of  this  portion  of  the 
vesicle  within  the  other  portion  (Fig.  22,  B).  The  original 
single-walled  blastula  in  this  way  becomes  converted  into  a 
double-walled  sac  termed  a  gastnila,  the  outer  layer  of 
which  is  known  as  the  ectoderm  or  epiblast  and  the  inner 
layer  as  the  etuioderm  or  hypoblast.  The  cavity  bounded 
by  the  &v\o(\entf\^tii^Drm^tiv^r^^ran:ketiteron , 
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24,  gc),  the  roof  of  which  is  composed  of  relatively  small 
yolk-containing  cells  while  its  flpor  is  formed  by  the  large 
cells  of  the  lower  pole  of  the  blastula.  The  cavity  of  the 
blastula  is  not  sufficiently  large  to  allow  of  the  typical  in- 
vagination of  all  these 
large  cells,  so  that  they 
become  enclosed  by  the 
rapid  growth  of  the  ecto- 
derm cells  of  the  upper 
pole  of  the  ovum  over 
them.  Before  this  growth 
takes  place  the  blastopore 
corresponds  to  the  entire 
area  occupied  by  the  large 
yolk  cells,  but  later,  as  the 
growth  of  the  smaller  p,n 
cells  gradually  encloses 
the  larger  ones,  it  be- 
comes smaller  and  is 
finally  represented  by  a 
small  opening  situated  at 
what  will  be  the  hind  end  of  the  embryo. 

Soon  after  the  archenteron  has  been  formed  a  solid  plate 
of  cells,  eventually  splitting  into  two  layers,  arises  from  its 
roof  on  each  side  of  the  median  line  and  grows  out  into  the 
space  between  the  ectoderm  and  endodenit  (Fig.  25,  wife* 
and  mk'),  evidently  corresponding  to  the  hollow  plates 
formed  in  the  same  situations  in  Amphioxits.  This  is  not, 
however,  the  only  source  of  the  mesoderm  in  the  amphibia, 
for  while  the  blastopore  is  still  quite  large  there  may  be 
found  surrounding  it  between  the  endoderm  and  ectoderm 
a  ring  of  mesodermal  tissue  (Fig.  24,  mes).  As  the  blas- 
topore diminishes  in  size  and  its  lips  come  together  and 
unite,  the  ring  of  mesoderm  forms  first  an  oval  and  then  a 
band  lying  beneath  the  line  of  closure  of  the -blastopore  and 
united  with  both  the  superjacent  ectoderm  and  the  sub\a.- 


-Tbansvehsk     Section     of 

Amphioxus    Embryo    with     Five 

Mesobehmic  Poi;ches. 

Ch.  Notoeliord;  d,  digestive  cavity; 

ff,    ectoderm;    en,    endoderm;    ni. 
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cent  endoderm.  Tliis  line  of  fusion  of  tlie  three  germ  layers 
is  known  as  the  primitive  streak.  It  is  convenient  to  dis- 
tinguish the  tnesoderni  of  the  primitive  streak  from  that 
f<irme<l  from  the  dorsal  wall  of  the  archenteron  by  speak- 
ing of  the  former  as  the  proslomial  and  the  latter  as  the 
gastrni  mesnderm,  though  it  must  lie  understood  that  the 


two  are  conlinunus  ininicdialcly  in  front  of  the  definitive 
blastc  iporc. 

Ill  the  rqitilia  still  greater  modifications  are  found  in 
the  niclliod  of  formation  of  the  gcrni  layers.  Before  the 
enveloping  cdls  have  coiiiiilctcly  surrounded  the  yolk-niass, 
a  crescentic  groove,  rescnililing  that  occurring  in  amphibia, 
apiwars  near  the  |H)stcri(ir  cdjic  of  the  blastoderm,  the  cells 
iif  which,  in  front  uf  the  gnmvc,  arrange  themselves  in  a 
sni>erficial  layer  oik'  cell  lliick,  which  may  be  regarded  as 
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tlie  ectoderm  (Fig.  26,  cr),  and  a  subjacent  mass  of  some- 
what scattered  cells.  Later  the  lowermost  cells  of  this  sub- 
jacent mass  arrange  themselves  in  a  continuous  layer,  con- 
stituting what  is  termed  the  primary  cndoderm  («'»'),  while 
the  remaining  cells,  aggregated  especially  in  the  region  of 
the  crescen tic  groove,  form  the  prostomial  mesoderm  (prm). 


In  the  regi 

of  the  vari 
the  primiti 


ion  enclosed  by  the  groove  a  distinct  delimitation 
ious  layers  does  not  occur,  and  this  region  forms 
ve  streak.     The  groove  now  begins  to  deepen. 


Fkj.  25.— Section  THHOiKiH  an  Emi 
Days,  showcnc  the  Formation 

ab,  Ectoderm :  eh,  chonla  cndoderm ;  dk,  dlgeslivc  cavity ;  lit,  eiido- 
derm;  mk'  atid  mk',  splanchnic  and  somatic  layers  of  the  meso- 
derm.   D,  dorsai  and   T,  ventral. —  (Hertviig.) 

forming  an  invagination  of  secondary  endoderm,  the  extent 
of  this  invagination  being,  however,  very  different  in  dif- 
ferent species.  In  the  gecko  (Will)  it  pushes  forward  be- 
tween tile  ectoderm  and  primary  endoderm  almo.st  to  the 
anterior  edge  of  the  blastoderm,  but  later  the  ceils  forming 
its  floor,  together  with  those  of  the  primary  endoderm  im- 
mediately below,  undergo  a  degeneration,  the  roof  cells  at 
the  lateral  margins  of  the  invagination  becoming  contin- 
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iioiis  witii  the  persisting  portions  of  the  primary  endodemi  1 
(Fig.  27,  B).  This  layer,  following  the  enveloping  cells  J 
in  their  growth  over  the  yolk-mass,  gradually  surrounds  1 
that  structure  so  that  it  comes  to  lie  within  the  arclienteron. 
In  some  turtles,  on  the  other  hand,  the  disappearance  of  the  I 
floor  of  the  invagination  takes  place  at  a  very  early  stage  1 
of  the  infokling,  the  roof  cells  only  ]>ersisting  to  grow  ] 


Fig,  36. — LoNuiTUDiNAi.  Sectiuns  tmhouch  Eunitvos  of  the 

ee,  Eeloderm:  ^n.  scconilary  endoderm;  en',  primary  endodemi;  ^m,fl 
prusloniial    mesoderm.-— (H'lH,) 

forward  to  form  the  dorsal  wall  of  the  archenteron.     This  J 
interesting  alilireviation   of  the   process   occurring   in   the  j 
gecko  indicates  the  mode  of  development  which  Is  found  in 
the  mammalia. 

The  existence  of  a  prostomial  mesoderm  in  connection 
with  the  primitive  streak  has  already  lieen  noted,  and  when 
the  invagination  takes  place  it  is  carried  forward  as  a  nar- 
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row  band  of  cells  on  each  side  of  the  sac  of  secondary 
endodenn.  After  the  absorption  of  the  ventral  wall  of  the 
invagination  a  folding  or  turning  in  of  the  margins  of  the 
secondary  endoderm  occurs  (Fig.  27),  whereby  its  lumen 
becomes  reduced  in  size  and  it  passes  off  on  each  side  into 
a  double  plate  of  cells  which  constitute  the  gastra!  meso- 
derm.    Later  these  plates  separate  from  the  archenteron 


, — Diagrams 

Mesodehu   in   the  Gecko. 
,   Cliorda   eiuloderni;    fc,   ectoiifrm;    r«,   secondary   cndodern 
primary  endoilerm;   gnt,   gastral   mesoderm. — ((fiW.) 


as  in  the  lower  forms.  All  the  prostoniial  mesoderm  does 
not,  however,  arise  from  the  primitive  streak  region,  but 
a  considerable  amount  also  has  its  origin  from  the  ectoderm 
covering  the  yolk  outside  the  limits  of  the  blastoderm  proper, 
a  mode  of  origin  which  serves  to  explain  the  phenomena 
later  to  be  described  for  the  mammalia. 

In  comparison  with  the  amphibians  and  Ainphioxus,  the 
reptiiia  present  a  subordination  of  the  process  of  invagina- 
tion in  the  formation  of  the  endoderm,  a  primary  endoderm 


s« 
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making  its  appearance  independently  of  .111  invagination, 
and.  in  association  with  this  subordination,  there  is  an  early^ 
appearance  of  tlie  primitive  streak,  which,  from  analo 


fflu,    ^     kkiitiiNK  iif  "*'*  '"'  **  ^'^^  SHOWING  (A)  THE  Formation 
HI   («•   r""""'*""   ■"*"   '^  *""  *^'   "''  ^"^  Amniotic  Cavity  — 

IJE^H  *!"♦(  nWllt"  III  lite  aiiipli>l>ia.  ">ay  be  assumed  to  rep- 
iumA  i|  IfldllliU  iif  Oif  blastopore  which  is  closed  from  the 


I 
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Turning  now  to  the  mammalia,  it  will  be  found  that  these 
[jeculiarities  become  still  more  emphasized.  The  inner  cell- 
mass  of  these  forms  corresponds  to  the  blastoderm  of  the 
reptilian  ovum,  and  the  first  differentiation  which  appears 
in  it  concerns  the  cells  situated  next  the  cavity  of  the  vesicle, 
these  ceils  differentiating  to  form  a  distinct  layer  which 
gradually  extends  so  as  to  form  a  complete  lining  to  the 
inner  surface  of  the  enveloping  cells  (Fig.  28,  A).  The 
layer  so  foniicd  is  endodermal  and  corresponds  to  the  pri- 
mary endoderm  of  the  reptiles. 

Before  the  extension  of  the  endoderm  is  completed,  how- 
ever, cavities  begin  to  appear  in  the  cells  constituting  the 
remainder  of  the  inner  mass,  especially  in  those  immediately 
beneath  Rauber's  cells  (Fig.  28,  B),  and  these  cavities  in 
time  coalesce  to  form  a  single  large  cavity  bounded  above 
by  cells  of  the  enveloping  layer  and  below  by  a  thick  plate 
of  cells,  the  embryonic  disk  (Fig.  28,  C).  The  cavity  so 
formed  is  the  amniotic  cavily,  whose  further  history  will  be 
considered  in  a  subsequent  chapter. 

It  may  be  stated  that  this  cavity  varies  greatly  in  its  devel- 
opment in  different  mammals,  being  entirely  absent  in  the 
rabbit  at  this  stage  of  development  and  reaching  an  excessive 
development  in  such  forms  as  the  rat.  mouse,  and  guinea-pig. 
The  condition  here  described  is  that  which  occurs  in  the  bat 
and  the  mote,  and  it  seems  probable,  from  what  occurs  in  the 
youngest  human  embryos  hidierto  observed,  that  the  processes 
in  man  are  closely  similar. 

While  these  changes  have  been  taking  place  a  splitting 
of  the  enveloping  layer  has  occurred,  so  that  the  wall  of 
the  ovum  is  now  formed  of  three  layers,  an  outer  one  which 
may  be  termed  the  trophodcrm.  a  middle  one  which  prob- 
ably is  transformed  into  the  extra -embryonic  mesoderm  of 
later  stages,  though  its  significance  is  at  present  somewhat 
obscure,  and  an  inner  one  w^hich  is  the  primary  endoderm. 
In  the  bat,  of  whose  ovum  Fig.  2S,  C.  represents  a  section, 


that  portion  of  the  middle  layer  which  forms  the  roof  of 
the  amniotic  cavity  disappears,  only  the  trophoderm  per- 
sisting in  this  region,  but  in  another  form  this  is  not  the 
case,  t!ie  roof  of  the  cavity  being  composed  of  both  the 
trophoderm  and  the  middle  layer. 

A  rabbit's  ovum  in  which  there  is  yet  no  amniotic  cavity  1 
and  no  sphtling  of  the  enveloping  layer  shows,  when  viewed  , 
from  above,  a  relatively  small  dark  area  on  the  surface. 


Fifi.  39.— .4,  Side  Viki\  op  Ovum  of  Rabbit  Seven  Days  Old  ' 
{KdlHkir)  :  B.  Embryonic  Disk  m  a  Mole  {H  aft)  C.  Embry-  ' 
ONic  Disk  of  a  Dogs  Ovum  of  about  Tifteev  Vws  (.Bonnet). 

ed.  Embryonic  disk;   hn    Hensen  s   node     mg    medullary   groove;  ps, 
primitKe  strcnk    td    \agi.iilar  area. 

which  is  the  embryonic  disk.  But  if  it  be  looked  at  from 
the  side  (Pig.  29,  A),  it  will  be  seen  that  the  upper  half 
of  the  ovum,  that  half  in  which  the  embryonic  disk  occurs, 
is  somewhat  darker  than  the  lower  half,  the  line  of  sepa- 
ration of  the  two  shades  corresponding  with  the  edge  of  the 
primary  endoderm  which  has  extended  so  far  in  its  growth 
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around  the  inner  surface  of  the  enveloping  layer.  A  little 
later  a  dark  area  appears  at  one  end  of  tlie  embryonic  disk, 
produced  by  a  proliferation  of  cells  in  this  region  and  having 
a  somewhat  crescentic  form.  As  the  embryonic  disk  in- 
creases in  size  a  longitudinal  band  makes  its  appearance. 
extending  forward  in  the  median  line  nearly  to  the  center 
of  the  disk,  and  represents  the  primitive  streak  (Fig.  29,  B). 
a  slight  groove  along  its  median  line  forming  what  is  termed 
the  primitive  groove.  In  slightly  later  stages  an  especially 
dark  spot  may  be  seen  at  the  front  end  of  the  primitive 
streak  and  is  termed  Hcnscn's  node  (Fig.  29,  C,  hn),  while 


— PosTESioH    Portion   of  a    LoNniTumNAL   Section  thkooch 
THE  Embrvonic  Disk  of  a  Mole. 
bl.  Blastopore,  ec,  ectoderm ;   en.  cndoderin ;   ^rni,  prostomial  meso- 
derm.—(^^(w  Heafe.) 

still  later  a  dark  streak  may  be  observed  extending  forward 
from  this  in  the  median  line  and  is  termed  the  head-process 
of  the  primitive  streak. 

To  understand  the  meaning  of  these  various  dark  areas 
recourse  must  be  had  to  the  study  of  sections,  A  longi- 
tudinal section  through  the  embryonic  disk  of  a  mole  ovum 
at  the  time  when  the  crescentic  area  makes  its  appearance 
is  shown  in  Fig,  30.  Here  there  is  to  be  seen  near  the 
hinder  edge  of  the  disk  what  is  potentially  an  opening  {bl), 
in  front  of  which  the  ectoderm  {ec)  and  primary  endoderm 
{en)  can  be  clearly  distinguished,  while  behind  it  no  such 
distinction  of  the  two  layers  is  visible.  This  stage  may  be 
regarded  as  comparable  to  a  stage  immediately  preceding 
the  invagination  stage  of  the  reptilian  ovum,  and  the  region 
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!)diind  tlie  blastopore  will  correspond  tu  the  reptilian  prinii- J 
live  streak.  The  later  forward  extension  of  the  pnmitivel 
streak  is  due  to  the  mode  of  growth  of  ihe  embryonic  disk.j| 
Between  the  stages  represented  in  Figs.  30  and  29,  B,  the! 
disk  has  enlarged  considerably  and  the  primitive  streak  has  I 
shared  in  its  elongation.  Since  the  blastopore  of  the  earlier  ] 
stage  is  situated  immediately  in  front  of  the  anterior  t 
tremity  of  the  primitive  streak,  the  point  corresponding  toJ 
it  in  the  older  disk  is  occupied  by  Hensen's  node,  this  struc- J 
ture,  therefore,  representing  a  proliferation  of  cells  froraJ 
the  region  formerly  occupied  by  the  blastopore. 

As  regards  the  head  process,  it  is  at  first  a  solid  cord  of  I 
cells  which  grows  forward  in  the  median  line  from  Hansen's  1 
node,  lying  between  the  ectoderm  and  the  primary  endo-  I 
derm.     Later  a  lumen  appears  in  the  center  of  the  cord,  J 
forming  what  has  been  termed  the  chorda  canal,  and,  in  I 
some  forms,  inchuiing  man,  the  canal  opens  to  the  surface  ] 
at  the  center  of  Hensen's  node.     The  cord  then  fuses  with  J 
the  subjacent  primary  endodemi  and  then  opens  out  along  I 
the  line  of  fusion,  becoming  thus  transformed  into  a  flat'J 
plate  of  cells  continuous  at  either  side  with  the  primary  I 
endo<lerm  (Fig.  3i,CA/>).     The  portion  of  the  chorda  canal  ■, 
which  traverses  Hensen's  node  now  opens  Itelow  into  what  1 
will  !)e  ihe  primitive  digestive  tract  and  is  termed  the  ncuien-  \ 
tcric  canal   (Fig.  32,  nc);  it  eventually  closes  completely.  1 
being  merely  a  transitory  stnicture.     The  similarity  of  the 
head  process  to  the  invagination  which  in  the  reptilia  forms 
the  secondary  endoderm  seems  clear,  the  only  essential  dif- 
ference being  that  in  the  mammalia  the  head  process  arises 
as  a  solid  cord  which  subsefpiently  becomes  hollow,  instead 
of  as  an  actual  invagination.     The  ditTerence  accounts  for 
the  occurrence  of  Hensen's  node  and  also  for  the  mode  of 
formation  of  the  neurenleric  canal,  and  cannot  he  consiilcred 
as  of  great  moment  since  the  development  of  what  are 
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eventually  tiilnilar  structures  (t*.  g.,  glands)  as  solid  cords 
of  cells  which  subsequently  hollow  out  is  of  common  occur- 
rence in  the  mammalia.  It  should  be  stated  that  in  some 
mammals  ap]iarently  the  most  anlerior  portion  nf  the  roof 


m 


Fic.  31.— Tbansverse.  Section  of  the  Embsvonic  Akea  of 

Ovum  at  about  the  Stage  of  Development  shown  rw  Fir..  29,  C. 

The  section  passes  throiigli  ihe  head  process   (C/i/i)  ;  M.  mesoderm.— 

iBonncl.) 

of  tiie  archcnteron  is  formed  directly  from  tiie  cells  of  the 
primary  endoderm,  which  in  this  region  are  not  replaced 
by  the  head  process,  but  aggregate  to  form  a  compact  plate 
of  cells  with  which  the  anterior  extremity  of  the  head  proc- 


TlC,    32,— DlAGKAM     OF     A    L0NniTi:DINAL    SECTION     TH^ 

DRVoNic  Disk  of  a  Mole. 

am,  Amnion;  iv,  chorda  endoderm;  ec.  ectoderm;  iir.  iiciirtnlcnc  canal; 

ps,  primitive   streak, — {Heapi:) 

ess  unites.     Such   a   condition   would   represent   a    further 
modification  of  the  original  condilion. 

As  regards  the  formation  of  the  mesoderm  it  is  possible 
to  recognize  both  the  prostomial  and  gastral  mesoderm  in 
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the  mammalian  ovum,  though  the  two  parts  are  not  so 
clearly  distinguishable  as  in  lower  forms.  A  mass  of  pro- 
slomial  mesoderm  is  formed  from  the  primitive  streak,  and 
when  the  head  process  grows  forward  it  carries  with  it  some 
of  this  tissue.  But,  in  addition  to  this,  a  contribution  to 
the  mesoderm  is  also  apparently  furnished  by  the  cells  of 
the  head  process,  in  the  form  of  lateral  plates  situated  on 
each  side  of  the  middle  line.  These  plates  are  at  first  solid 
('""'&■  33'  .?"')■  '•"'  their  cells  quickly  arrange  themselves  in 
two  layers,  between  which  a  coelomic  space  later  appears. 


gm^ 


FiG-   33— Tka.-jsvekse   Section   tmrouch   the   Ehbh 

Rabbit. 

(h.  Chorda  cntloderni;  .v,  ectoderm;  en,  eiidodenn;  gm,  gaslral  meso- 
derm,— (After  van   Beneden.) 

Furriiennore,  as  has  already  been  pointed  out,  tlie  layer 
of  enveloping  ceils  splits  into  two  concentric  layers,  the 
inner  of  which  seems  to  be  mesodermal  in  its  nature  and 
forms  a  layer  lining  the  interior  of  the  trophoderm  and 
lying  between  this  and  the  primary  endoderm.  This  layer 
is  by  no  means  so  evident  in  the  lower  forms,  but  is  perhaps 
represented  in  the  reptilian  ovum  by  the  cells  which  underlie 
the  ectoderm  in  the  regions  peripheral  to  the  blastoderm 
proper  (see  p.  55). 

It  has  been  experimentally  determined  (Assheton.  Peebles) 
that  ui  the  chick,  whose  embryonic  disk  presents  many  features 
similar  to  those  of  the  niammalian  ovum,  the  central  point  of 
the  unincubated  disk  corresponds  to  the  anterior  end  of  the 
primitive  streak  and  to  the  point  situated  immediately  behind 
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the  heart  of  the  later  embryo  and  immediately  in  front  of  the 
first  mesodermic  somite  (see  p.  103),  as  shown  in  Fig.  34.  If 
these  results  be  regarded  as  applicable  to  the  human  embryo, 
then  it  may  be  supposed  that  in  this  the  head  region  is  devel- 
oped from  the  portion  of  the  embryonic  disk  situated  in  front 


D 


Fig.  34. — Diagrams  Illustrating  the  Relations  of  the  Chick 
Embryo  to  the  Primitive  Streak  at  Different  Stages  of  De- 
velopment.— (Peebles.) 

of  Hensen's  node,  while  the  entire  trunk  is  a  product  of  the 
region  occupied  by  the  node. 

The  Significance  of  the  Germ  Layers. — The  formation 
of  the  three  germ  layers  is  a  process  of  fundamental  impor- 
tance, since  it  is  a  differentiation  of  the  cell  units  of  the 
ovum  into  tissues  which  have  definite  tasks  to  fulfil.  As 
has  been  seen,  the  first  stage  in  the  development  of  the 
layers  is  the  formation  of  the  ectoderm  and  endoderm,  or, 
if  the  physiological  nature  of  the  layers  be  considered,  it 
is  the  differentiation  of  a  layer,  the  endoderm,  which  has 
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l)riiici]i;illy  nutritive  functions.  In  certain  of  the  lowerj 
invertebrates,  the  class  Ccelentera,  the  ihfFerentiation  do« 
not  proceed  beyond  this  diploblastic  stage,  but  in  all  1 
forms  the  intermediate  layer  is  also  developed,  and  with  i 
ap]«arance  a  furtlier  division  of  the  functions  of  the  organ- 
ism supervenes,  tbe  ectoderm,  situated  uiion  ibe  outside  of 
the  body,  a,ssuming  the  relational  functions,  tlie  endoderm 
becoming  still  more  exclusively  nutritive,  while  the  remain- 
ing- functions,  supportive,  excretory,  locomotor,  reproduc-- 
live,  etc.,  are  assumed  by  tbe  mesoderm. 

The  manifold  adaptations  of  development  obscure  i 
tain  cases  the  fundamental  relations  of  tbe  three  layers,  J 
certain  portions  of  the  mesoderm,  for  instance,  failing  to  1 
differentiate  simultaneously  with  the  rest  of  the  layer  and  I 
appearing  therefore  to  be  a  portion  of  either  the  ectoderm  ■ 
or  endoderm.  But,  as  a  rule,  the  layers  are  structural  units 
of  a  higher  order  than  the  cells,  and  since  each  assumes 
definite  pliysinlogical  function?,  definite  structures  have  their  , 
origin  from  each. 

Thus  from  the  ectoderm  there  develop: 

1,  The  epidermis  and   its  appendages,  hairs,  nails,  epi- 
dermal glands,  and  the  enamel  of  the  teeth. 

2.  Tbe  epithelium  lining  tbe  moutb  and  the  nasal  cavities, 
as  well  as  tbat  lining  tbe  lower  part  of  the  rectum. 

3-  Tbe  nerv<jus  system  and  the  nervous  elements  of  the  J 
sense-organs,  together  with  the  lens  of  the  eye. 
From  the  enduderm  develop: 

1.  The  epithelium  lining  the  digestive  tract  in  general,  I 
together  with  lliat  of  tbe  various  glands  associated  with  it,  - 
such  as  the  liver  and  pancreas. 

2.  The  lining  cpillielium  of  the  larynx,  trachea,  and  lungs. 

3.  The  epithelium  of  the  bladder  and  urethra  (in  part). 
From  the  mesoderm  there  are  formed  : 

I.  The  various  connective  tissues,  including  bone  and  the 
teeth  (except  the  enamel). 
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2.  The  muscles,  both  striated  and  non-striated. 

3.  The  circulatory  system,  including  the  blood  itself  and 
the  lymphatic  system. 

4.  The  lining  membrane  of  the  serous  cavities  of  the 
body. 

5.  The  kidneys  and  ureters. 

6.  The  internal  organs  of  reproduction, 

From  this  list  it  will  be  seen  that  the  products  of  the 
mesoderm  are  more  varied  than  those  of  either  of  the  other 
layers.  Among  its  products  are  organs  in  which  in  either 
the  embryonic  or  adult  condition  the  cells  are  arranged  in 
a  definite  layer;  while  in  other  structures  its  cells  are  scat- 
tered in  a  matrix  of  non-cellular  material,  as,  for  example, 
in  the  connective  tissue,  bone,  cartilage,  and  the  blood  and 
lymph.  It  has  been  proposed  to  distinguish  these  two  forms 
of  mesoderm  as  mesofhelium  and  mesenchyme  respectively, 
a  distinction  which  is  undoubtedly  convenient,  though  prob- 
ably devoid  of  the  fundamental  imix)rtance  which  has  been 
attributed  to  it  by  some  embryologists. 
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THE  DEVELOPMENT  OF  THE  EXTERNAL  FORM 
OF  THE  HUMAN  EMBRYO. 


The  youngest  human 
described  by  Peters.     It 


3viini   at  present   known   is   that 
Lvas  taken   from  the  uterus  of  a 


w,  Anmiolic  cavity;  cc, 
ec,  embryonic  cclodci 
yt,  yolk-sac. —  (Pi'dT; 


!■ 

Port  in  N  oi 
i-in.  chorioi 


woman  who  had  committed  suicide  one  calendar  month 
after  the  last  menstruation,  and  it  measured  about  i  mm. 
in  diameter.  The  entire  inner  surface  of  the  trophoderm 
(!''•&■  35 1*-"*^)  was  lined  by  a  layer  of  mesoderm  (nn),  which, 
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on  the  surface  furthest  away  from  the  uterine  cavity,  was  - 
considerably  thicker  than  elsewhere,  forming  an  area  of  j 
attachment  of  the  embryo  to  the  wall  of  the  ovum.  In  I 
the  substance  of  this  thickening  was  the  amniotic  cavity  1 
{am),  whose  roof  was  formed  by  flattened  cells,  which,  at 
the  sides,  became  continuous  with  a  layer  of  columnar  cells  j 
forming  the  floor  of  the  cavity  and  constituting  the  em- 
bryonic ectoderm  (ec).    Immediately  below  this  was  a  layer  ] 


Fig,   36— Di.M^kAMs    Id    sLuni'    THK    Pkdbable   Relattonships   of   • 
Parts  in   the  Embkyos   Repkescnted  is   Figs,   28,   C,  and  3; 

/ic,  Amniolic  cavity ;  C,  extra -embryonic  body-cavity ;  Me,  (in  figure  to  1 
the  left)   mesodenn,   (in  6gure  to  the   right)   somatic  mesoderm;   I 
Mf',  ^lanchiiic  mcsodern):  D,  digestive  Irael;   £ii,  endoderm;   T,  1 
LrophoblasL    The  broken   hne   in   the   mesoderm   ot   the   figure   t 
the  left  indicates  the  line  along  which  the  splitting  of  the  mesc 
derm  occurs. 

of  mesoderm  (m)  which  split  at  the  edge  of  the  embryonic  j 
disk  into  two  layers,  one  of  which  became  continuous  with 
the  niesodermic  thickening  and  so  with  the  layer  of  meso-   | 
derm  lining  tlie  interior  of  the  trophoderm.  while  the  other   1 
enclosed  a  sac  lined  by  a  layer  of  endodemial  cells  and 
tenncd  the  yolk-sac  (ys).     The  total  length  of  the  embryo 
was  0.19  mm.,  and  so  far  as  its  ectoderm  and  mesoderm  are 
concerned  it  might  be  described  as  a  Hat  disk  resting  on  the 
surface  of  the  ynlk-sac.  tlmugh  it  must  be  understood  that 
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the  yolk-sac  also  to  a  certain  extent  forms  part  of  the 
embryo. 

This  embryo  seems  to  be  in  an  early  stage  of  the  primi- 
tive streak  formation,  before  the  development  of  the  head 
process.  On  comparing  it  with  the  ovum  of  a  hat  in  ap- 
proximately the  stage  of  development  represented  in  Fig. 
28,  C,  it  will  be  seen  to  present  some  important  advances 
(Fig.  36).  It  seems  clear  that  the  yolk-sac  is  equivalent 
to  what  was  the  cavity  of  the  ovum  in  the  earlier  stages, 
and  consequently  the  cavity  (c)  into  which  the  yolk-sac 
projects  is  unrepresented  in  the  bat's  ovum.  How  this 
cavity  is  formed  can  only  be  conjectured,  hut  it  seems 
probable  that  it  arises  by  the  splitting  of  the  layer  of  cells 
which  lines  the  interior  of  the  trophoderni  in  the  bat's  ovum 
(or  perhaps  by  the  vacuolization  of  the  central  cells  of  this 
layer)  and  the  subsequent  accumulation  of  fluid  between 
the  two  mesodermal  layers  so  formed.  However  that  may 
be,  it  seems  clear  that  the  size  of  the  human  ovum  is  due 
mainly  to  the  rapid  growth  of  this  cavity,  which,  as  future 
stages  show,  is  the  extra-enihryonic  portion  of  the  body- 
cavity,  the  splitting  or  vacuolization  of  the  mesoderm  by 
which  it  is  probably  formed  being  the  precocious  appear- 
ance of  the  typical  splitting  of  the  mesoderm  to  form  the 
embryonic  body-cavity  which,  as  will  he  seen  in  a  subse- 
quent chapter,  takes  place  c^nly  at  a  later  stage  of  develop- 
ment. From  now  on  the  trophoderni  and  the  layer  of  me- 
soderm lining  it  may  together  be  spoken  of  as  the  chorion, 
the  mesoderm  layer  being  termed  the  chorionic  mesoderm. 

A  human  embryo  of  a  scMiiewhat  greater  age  (Fig.  37), 
measuring  about  0.37  mm.  in  length,  has  been  described 
by  Graf  Spee  as  embryo  t/.H.,  and  was  taken  from  an  ovum 
estimated  to  measure  6  by  4.5  mm.  in  diameter.  Notwith- 
standing the  much  greater  size  of  the  ovum,  which  is  due 
to  the  continued  increase  in  the  size  of  the  extra-embryonic 
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coeiom,  the  embryo  is  but  little  advanced  beyond  the  stage 
which  tlie  Peters'  embryo  had  reached,  and  is  probably  in  a 
late  stage  of  the  development  of  the  primitive  streak.  Con- 
fining the  attention  for  the  present  solely  to  the  embryo  and 
the  immediately  adjoining  parts,  it  will  be  seen  that  the 
thickening  of  the  chorionic  mesoderm  which  encloses  the 
amniotic  cavity  has  increased  in  size  and  now  forms  a  ped- 
icle, known  as  the  hdly-stalk  {b),  at  the  extremity  of  which 
is  the  yolk-sac  (y).     Furthermore,  the  amniotic  cavity  (a) 


Fid.  3?.~-0^^lM   Measuring  6  X     F'C.    38.— Embryo 


.    Chorion 


,   Left   Half 

Beem    Re- 

I,  Amniotic  cavicy;  b,  belly- sta Ik ; 
c,  chorion  ;  e,  embryonic  disk  ; 
V,  chorionic  villus;  y,  yolk-sac, 
—  (.von  Spte.) 


DOBSAL 


Length. 
Surface. 
Amnion;  m,  mednllary  groove; 
ne,  iieurenleric  canal;  pt,  primi- 
tive sireak;  v,  yolk-sac. —  (von 
Sfc.:) 


now  lies  somewhat  excentricaliy  in  this  pedicle,  being  near 
what  may  be  spoken  of  as  its  anterior  surface.  The  em- 
bryo still  possesses  a  discoidal  form  and  may  still  be  de- 
scribed as  a  Hat  disk  floating  on  the  surface  of  the  yolk-sac. 
Tins  same  general  form  is  preserved  in  another  embryo, 
known  as  embryo  Glc,  described  by  Graf  Spee.  which  meas- 
ured 1.54  mm.  in  length  (I'ig-  38).  In  it,  however,  the 
more  median  portion  of  the  embrj'onic  disk  has  become 
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tTiicker  and  is  separated  from  the  more  peripheral  portions 
by  a  distinct  furrow.  From  the  more  median  or  axial  por- 
tion the  embryo  proper  will  develop,  and  this  portion  is  now 
shaped  somewhat  like  the  body  of  a  violin  and  presents  at 
its  posterior  portion  the  remains  of  the  primitive  streak, 
near  the  anterior  end  of  which  is  a  distinct  pore,  the  open- 
ing of  what  is  termed  the  ncurentcrk  canal  (uc),  whose 


Fig.  39. — Diagrams   Tlu'stratinc,  tiik  Oinstkhiion  ok   ink  1\mhky() 

FROM     THE    Yolk -SAC. 

A  and  C  are  lonKitiidinal,  and  li  and  J)  traiisviTM*  ^fctioiT^.     H  is  <lra\v!i 

to  a  larj^iT  scale  than  tlio  ntlur  tlmircs. 


significance  has  already  been  discussed  (p.  Tk)).  More 
anteriorly  two  l()nj;^itiidinal  ridg^es  liavc  ai)])eared.  tlie  first 
indications  of  which  are  termed  the  medullary  folds. 

In  later  stages  a  sei)arati<)n  or  constricli<Mi  of  the  embryo 
from  the  yolk-sac  begins  and  results  in  the  transformation 
of  the  discoidal  embryonic  portion  of  the  embryonic  disk 
into  a  cylindrical  structure.  l*rimarily  this  dei)en(ls  upon 
the  deepening  of  the  furrow  which  surrounds  the  embryonic 
area,  the  edges  of  this  area  being  thus  bent  in  on  all  sides 
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Iijward  tJie  yolk-sac.  This  bending  in  proceeds  most  rap- 
idly at  the  anterior  end  of  the  body,  as  shown  in  the  dia- 
grams (Fig.  39),  and  least  rapidly  at  the  posterior  end 
where  the  belly-stalk  is  situated,  and  produces  a  constriction 
of  the  yolk-sac,  the  portion  of  that  structure  nearest  the 
embryonic  disk  beaiming  enclosed  within  the  body  of  the 
embryo  to  form  the  digestive  tract,  while  the  remainder  is 
converted  into  a  pedicle-like  portion,  the  yolk-stalk,  at  the 
extremity  of  which  is  the 
yolk-vesicle.  The  further  con- 
tinuance of  the  folding  in  of 
tlie  edges  of  the  embryonic 
area  leads  to  an  almost  com- 
plete closing  in  of  the  di- 
gestive tract  and  reduces  the 
I  N<-  "^P^^'n^  through  which  the 
.  yolk-stalk  and  belly-stalk 
'  communicate  with  the  em- 
bryonic tissues  to  a  small 
area  known  as  the  umbilicus. 
An  embryo  which  exhibits  an  early  stage  in  the  process 
of  constriction  has  been  described  by  Alien  Thompson  and 
is  represented  in  Fig.  40.*  It  measured  about  2.5  mm.  in 
length  ami  had  reached  a  stage  in  which  the  medullary 
folds  had  become  very  pronounced  and  their  edges  had 
come  into  contact  at  one  [Kirtion,  although  the  anterior  and 
l)(")slerii ir  |>ijrlii>ns  of  the  groove  ("'g)  between  them  were 
still  widely  open.  The  cmliryo  will  he  seen  from  the  figure 
to  project  somewhat  Iwith  in  front  of  and  behind  the  yolk- 
sac,  although  the  greater  part  of  its  ventral  surface  is  still 
formed  by  that  structure.  At  the  sides  also  it  is  well  sepa- 
rated from  the  yolk-sac,  and  resting  upon  the  sac  in  front 
is  a  swelling  which  represents  the  heart 

'  It  muKl  be  iwitA  that  in  the  figtirc  itcithcr  the  amnion  (except  for  a 
smnll  fra^ncnt  slill  persisting  in  front)  nur  the  Ix'tly-stalk  \»  represented. 


I 


im.  Fragment  nf  ilie  torn  an 
nion;  mg,  medullary  groove 
Y,     yolk-sac— (.^//c«     Thomf- 


In  another  einbryo  (Fig.  41).  sligliilv  >iiialler  tliougli 
evidently  older  than  the  preceding  one.  and  described  by 
Etemod,  the  edges  of  the  medullary  iV>ld>  ha\e  not  only 
come  into  contact  throughout  the  greater  jwrtinn  of  their 
length,  but  they  have  fused  together,  the  groove  l>etween 
them  being  open  only  in  front  and  l>ehind.  On  each  side 
of  the  me<lian  line  eigtit  stimewhat  oblong  areas  are  to  l>e 


al,  Allantois;  am,  .-imnbii;  B,  hclly-stalk;  ^k,  chorjau;  h.  heitrt:  nis. 
mesodemiic  siimilc;  os.  oral  fossa;  ph,  iiharviix;  r,  chcnniiic  villi; 
Y.  yolk-sat,— (J/(>T  liU-nwd.) 


distinguished,  caused  by  a  transverse  division  of  tlic  sub- 
jacent mcsoilcnn  into  what  are  termed  iih'SiHlcniiif  soiiiiti.:'! 
(tns),  structures  which  will  be  describe^l  in  detail  in  the 
succeeding  chapter.  The  separation  of  the  embryo  fnvni 
the  yolk-sac  (1')  has  advanced  considerably  and  the  sac 
shows  evident  indications  of  constriction  just  where  it  niccls 
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tlie  body  of  the  embryo.     The  head  projects  more  markedly 
beyond  ihc  anterior  surface  of  the  yolk-sac  and  is  separated 


am.  Amnion:   B.  l>clly-s(a!k;   /t,  hcan;   hi,  closed,   and  M',   stiti  open 

portions  of  ihc  medullary  groove;  Om,  omphalo-mcscnteric  vein; 
OS,  oral  fossa;   Y,  yolk-sac— (A'oHm nun. ) 

from  the  region  occupied  by  the  heart  (A)  by  a  deep  and 
well-marked  depression,  the  oral  fossa  (os). 

In   an   embryo  described   by    Kollmann    (Fig.   42)    and 
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dorsal  surface  of  the  Ix^dy  was  distinctly  concave  from 
before  backward,  a  peculiarity  which  becomes  more  pro- 
nounced in  a  later  stage  and  constitutes  what  is  termed 
the  dorsal  Hrxure. 

This  is  well  shown  in  an  embryo  described  by  His  and 
named  by  him  embryo  lxviii  (Lg)  (Fig-  43).  In  it  the 
yolk-sac  forms  a  much  smaller  fx^rtion  of  the  ventral  sur- 
face than  it  did  in  earlier  stages,  and  it  has  also  become 
distinctly  separated  from  the  l>elly-stalk.  Tlie  most  pecu- 
liar feature  of  this  embryo  is,  however,  the  dorsal  flexure. 
This  is  apparently  a  normal  feature  and  is  probably  pro- 
duced by  a  difference  in  the  rate  of  growth  of  the -lateral 
and  median  portions  of  the  outer  layer  of  the  embryonic 
mesoderm,  the  former  jKirtion  failing  to  keep  pace  with 
the  growth  of  the  latter,  which  becomes  folded  in  accom- 
modation to  the  strain.  Tlie  flexure  is  of  comparatively 
short  duration,  and  when  once  it  begins  to  disappear  it 
seems  to  do  so  rapidly,  the  dorsal  concavity  suddenly  be- 
coming a  convexity  and  the  tension  of  the  layer  coming 
into  equilibrium  in  the  new  position.  One  other  feature 
is  noteworthy  in  this  embryo — namely,  the  occurrence  of 
two  linear  vertical  depressions  a  little  behind  the  head 
region  of  the  embryo;  these  are  [he  first  representatives  of 
a  series  of  branchial  clefts. 

These  structures  are  of  great  niorpbological  importance, 
inasmuch  as  they  determine  to  a  large  extent  the  arrange- 
ment of  various  organs  of  the  head  region.  They  repre- 
sent the  clefts  which  exist  in  the  walls  of  the  pharynx  in 
fishes,  through  which  water,  taken  in  at  the  mouth,  passes 
to  the  exterior,  Ixithing  on  its  way  the  gill  filaments  attached 
to  the  t>ars  or  arches,  as  they  are  termed,  which  separate 
successive  clefts.  Hence  the  name  "  branchial  "  which  is 
applied  to  them,  though  in  the  mammals  Ihey  never  have 
respiratory    functions   to   perform,   but,   appearing,   persist 


DEVELOPMENT    UF    EXTERNAL    FORM. 


tor  a  time  and  then  either  disappear  or  are  applied  to  some 
entirely  different  purpose.  Indeed,  in  man  tliey  are  never 
really  clefts  but  merely  grooves,  and  corresponding  to  each 
groove  in  the  ectoderm  there  is  also  one  in  the  subjacent 
endoderm  of  what  will  eventually  be  the  pharyngeal  region 
of  the  digestive  tract,  so  that  in  the  region  of  each  cleft  the 
ectoderm  and  endiKierni  are  in  cl(i=e  relntinii.  being  sepa- 
rated only  by  a  very  thin 
layer  of  mesoderm,  while  in 
the  intervals  between  suc- 
cessive clefts  a  more  con- 
siderable amount  of  meso- 
derm is  present  (Fig.  44). 
In  the  human  embryo 
four  clefts  develop  on  each 
side  of  the  body  and  five 
branchial  arches,  the  last 
arch  lying  posteriorly  to 
the  fourth  cleft  and  not 
being  very  sharply  defined 
along  its  posterior  margin. 

As  just  stated,  the  clefts  are  normally  merely  grooves,  and 
in  later  development  either  disappear  or  are  converted  into 
special  structures.  Occasionally,  however,  a  cleft  may  persist 
and  the  thin  membrane  which  forms  its  floor  may  become  per- 
forated so  that  an  opening  from  the  exterior  into  the  pharynx 
occurs  at  the  side  of  the  neck,  forming  what  is  termed  a 
branchial  Rstula.  Such  an  abnormality  is  most  frequently  de- 
veloped from  the  lower  (ventral)  part  of  the  first  cleft;  nor- 
mally this  disappears,  the  upper  portion  persisting,  however, 
to  form  the  external  auditory  meatus  and  tympanic  cavity. 

The  embryo  Lxvin   (Lg)   just  described  measured  2.11 

nm,   in   length,   this  measurement,   however,   being  taken 

along  a  straight  line  and  not  following  the  flexure  of  the 

I  body.     It  does  not,  theref<jre,   represent  the  actual  length 

Lof  the  body  and  there  is  much  less  difference  between  this 


OF  THa  Phmivnx 
,  7  ^fM.  Long. 
Ep.  Epigbltis;  Sp,  sinus  pra^crvt- 
calis;  (',  anlerifir.  and  f,  pos- 
terior portions  of  ihe  longiie;  /, 
II, III, and  /F,  branchial  arches. 
-{His) 
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and  the  next  to  be  described  than  is  imph'ed  by  the  figures. 
This  embryo  (Fig.  45)  is  also  one  of  those  described  by 
His  and  is  known  as  embryo  lxvii  (Lr).  It  measures  4.2 
mm.  in  length  and  shows  an  almost  complete  disappearance 
of  the  dorsal  flexure  so  marked  in  embryo  lxviii.  Instead 
of  this,  it  presents  a  well-marked  ventral  bending  of  both 
the  anterior  and  posterior  portions  of  the  body,  so  that  the 
dorsal  surface  is  prominently  curved  in  the  regions  which 
will  later  be  the  nape  of  the  neck  and  the  sacral  region,  and 
consequently  the  convexities  may  be  known  as  the  neck  bend 
and  the  sacral  bend.  Furthermore,  there  is  noticeable  a 
ventral  projection  of  the  extreme  front  end  of  the  body,  so 
that  a  third  convexitv  occurs  anterior  to  the  neck  bend  and 
may  be  termed  the  head  bend. 

The  constriction  of  the  yolk-sac  has  i)rogressed ;  the  meso- 
dermic  somites  have  almost  reached  their  maximum  devel- 
opment and  are  very  distinct;  the  two  branchial  clefts  pres- 
ent in  the  preceding  embryo  have  increased  in  size  and  the 
third  cleft  has  made  its  appearance ;  two  small  elevations  of 
the  sides  of  the  lx)dy,  one  almost  opi)osite  the  neck  bend 
and  the  other  opposite  the  sacral  Ix^nd,  are  the  first  indica- 
tions of  the  limbs  ( Ul  and  LI)  ;  and  the  eyeball  and  car 
vesicle  (fl«),  which  were  present  though  not  very  evident 
in  earlier  stages,  are  now  plainly  visible  in  surface  views. 

In  the  next  stage — as  a  type  of  which  an  cnil)ryo  figured 
by  Coste  (Fig.  46)  may  be  taken — the  three  bends  of  the 
body  mentioned  above  have  greatly  increased,  so  that  the 
head  and  tail  of  the  enibrvo  are  almost  in  contact  and  the 
latter  is  bent  a  little  toward  one  side.  The  closure  of  the 
ventral  surface  of  the  body  is  almost  completed  and  the 
margins  of  the  umbilicus  have  begun  to  be  prolonged  ven- 
trally  so  as  to  enclose  the  yolk-stalk  and  belly-stalk  in  the 
umbilical  cord.  The  yolk-sac  has  increased  considerably  in 
length  and  the  differentiation  of  its  extra-embryonic  por- 


df;\'ei.opmknt  of  external  form, 


I'rc;.  46.— BMiiiivn  ni.-  mom   Twenty   to  Twentv-hve  Days. 

Am,   Amnion;   LI.,  Iciwcr  limb;    i'.-l.   umbilical   artery:    Ur,   nnibilical 

crjrJ;    UL.   upper   limb;    Vs.   jolk-sac— (CoJd*.) 
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tions  into  a  yolk-stalk  and  yolk-vesicle  is  plainly  distin- 
guishable. The  limb  rudiments  have  increased  somewhat 
in  size,  and,  in  addition  to  the  eyeball  and  ear  vesicle,  a 
third  sense-organ  has  made  its  appearance  in  the  form  of 
two  pits  situated  on  the  under  side  of  the  anterior  portion 
of  the  head;  these  pits  are  the  first  indications  of  the  nasal 

foSStB. 

The  fourth  branchial  cleft  has  appeared  and  those  formed 


earlier  have  elongated  so  that  they  almost  reacJi  the  mid- 
ventral  line,  and  from  the  dorsal  part  of  the  anterior  Imrder 
of  the  first  arch  a  strong  process  has  developed  so  that  the 
I  arch  on  each  side  is  somewhat  <-shaped.  The  upper  limb 
9f  each  V  is  destined  to  give  rise  to  the  upper  Jaw,  and 
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hence  is  known  as  the  maxillary  process,  wliile  tlie  lower 
limb  represents  tlie  lower  jaw  and  is  termed  the  immdibular 
process. 

Leaving  aside  for  the  present  all  consideration  of  the 
further  development  of  the  limbs  and  branchial  arches,  the 
further  evoKition  of  the  general  fomi  of  the  body  may  be 
rapidly  sketched.  In  an  embryo  (Fig.  47)  from  Ruge's 
collection,  described  and  figured  by   His  and  measuring 


Lo^c.- {//»-) 


ijil  mm.  in  length,*  the  prolongation  of  the  margins  of  the 
tlliibilinm  has  increased  until  more  than  half  the  yolk-stalk 
hii*  liTfomc  cilctoNcd  within  the  umbilical  cord.  The  neck 
Mhd  Miral  liciuU  arc  still  very  pronounced,  although  the 
«iitlu'\(i  i"  lieginniiig  to  straighten  out  and  is  not  quite  so 
iiiwh  tfiiilpd  as  in  tlie  preceding  stage.     At  the  posterior 

*  I  hli  iiiK4*iilclii«iil  i*  tnkcn  in  a  straight  line  from  the  most  anterior 
ttwMtiiti  »l  Ih*  nn,'h  tirmi  to  liic  middle  point  of  the  sacral  bend  and 
iImm  iivI  'ulluw  the  curvHlure  of  the  embryo.  It  may  be  spoken  of  as 
iIm  Htvll-tutHii  Iviiglh  >ii[|  i«  (.tmveulcnt  for  use  during  the  stages  when 
III*  iruilif>u  It  >vik>l  iii>i>ii  itwif. 
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eiid  of  the  Ixidy  there  lias  deveioped  a  rather  abruptly  con- 
ical tail  filament,  m  the  place  of  the  blunt  am!  gradually 
tapering  termination  seen  in  earlier  stages,  and  a  well- 
marked  rotundity  of  the  abdomen,  due  to  the  rapidly  in- 
creasing size  of  the  liver,  Ijegins  to  become  evident. 

In  later  stages  the  enclosure  of  the  yolk-  and  belly-stalks 
within  the  umbilical  cord  proceeds  until  finally  the  cord  is 
complete  thmngh  the  entire  interval  between   the  embryo 


Fic  49. 


Heart);  B.  I'lv 


and  the  wall  of  the  ovum.  At  the  same  time  the  straight- 
ening out  of  the  embryo  continues,  as  may  be  seen  in  Fig. 
48  representing  the  embryo  XLV  (Brj)  of  His,  which  shows 
also,  both  in  front  of  and  behind  the  neck  bend,  a  distinct 
depression,  the  more  anterior  being  the  occipital  and  the 
more  posterior  the  neck  depression:  both  these  depressions 
are  the  expressions  of  changes  taking  place  in  the  central 
nervous    system.     Tlie    tail    filament    has    become    more 
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marked,  and  in  the  head  region  a  slight  ridge  surrounding 
the  eyeball  and  marking  out  tlie  conjunclival  area  has 
apjieared ;  a  depression  anterior  to  the  nasal  fossre  marks 
off  the  nose  from  the  forehead;  and  the  external  ear,  whose 
development  will  be  considered  later  on,  has  become  quite 
distinct.     This  embryo  had  a  neck-rump  length  of  13.6  mm. 

In  the  embryos  xxxv  (S,)  and  xcix  (L^)  (Fig.  49,  A 
and  B)  of  His'  collection  the  straightening  out  of  the  neck 
bend  is  proceeding,  and  indeed  is  almost  completed  in  em- 
bryo XCIX,  which  begins  to  resemble  closely  the  fully  formed 
fetus.  Tile  tail  filament,  somewhat  reduced  in  size,  still 
persists  and  the  rotundity  of  the  alxlomen  continues  to  be 
well  marked.  The  neck  region  is  beginning  to  lie  distin- 
guishable in  embryo  xxxv  and  lu  embryo  xcix  the  eyelids 
have  appeared  as  slight  folds  surrounding  the  conjunctival 
area.  The  nose  and  forehead  are  clearly  defined  by  the 
greater  de\'eiopment  of  the  nasal  groove  and  the  nose  has 
also  become  raised  above  the  general  surface  of  the  face, 
while  the  external  ear  has  almost  acquired  its  final  fetal 
form.  These  embryos  measure  respectively  alxiut  15  and 
17.5  mm,  in  length.* 

■■"inally.  an  embryo — again  ime  of  those  descrilted  by 
His.  namely,  his  i.xxvii  (\Vt),  having  a  length  of  2_i  mm. — 
may  Ijc  figured  ( b'ig.  50)  as  representing  the  practical 
•  ricipii Million  (li  the  fetal  form.  This  embryo  dates  from 
alxHit  the  end  i>f  the  second  month  of  pregnancy,  and  from 
this  period  onward  it  is  proper  to  use  the  term  fetus  rather 
than  ihal  of  embryo.  The  changes  which  have  been  de- 
scriticd  in  precc<ling  stages  are  now  cumplete  and  it  remains 
oidy  In  he  ineiitioned  that  the  caudal  filament,  which  is  still 
prumincul,  gradually  disappears  in  later  stages,  becoming, 
■d»  il  were,  submerged  and  concealed  beneath  adjacent  parts 

•The  enihryfi  xxxv  prMiiitii  a  slighi  abnormality  in  llic  great  pro- 
jection of  the  heart,  but  otherwise  it  appears  to  be  normal. 
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by  tlie  development  of  the  buttocks.  The  incompleteness 
of  the  development  of  these  regions  in  embryo  lxxvii  is 
manifest,  not  only  from  the  projection  of  the  tail  filament, 
but  also  from  the  external  genitalia  being  slill  largely  visible 


Fic.  50. 


(Hi,.) 


in  a  side  view  of  the  embryo,  a  condition  which  will  dis- 
appear in  later  stages. 

The  Later  Development  of  the  Branchial  Arches,  and 
the  Development  of  the  Face.— In  Coste's  eniliryo  (Fig. 
_  46)  the  fr.ur  brancliiai  ck'fl5  and  tive  arches  which  develop 
E  human  embryo  are  visible  in  surface  views,  but  in  the 
e  embryo  (Fig.  47)  it  will  be  noticed  that  only  the  first 


tl»tVrCt.nj*MKWT   op    THK    BRANCHIAL   ARCHES. 

Iwii  Bnlii-ii,  llie  firM  witli  a  wdl-developed  maxillary  proc- 
|iM,  uml  III*  rfeO  w\inTnt\nfi  them  can  be  distinguished. 
Tills  In  iliM  li>  H  «ii)l«ii)((  inward  of  tlie  ref^^ion  occupied  by 
llw  ittrtW  (nnilitfii)r  nrclim  no  that  a  triangidar  depression, 
lit*  !(«»*  l>ftt(cn'iiiilU,  i*  formed  un  each  side  of  what  will 
Mtur  (wfoHi*  Ihii  iintrrtor  imrt  rjf  the  neck  region.  This  is 
WiHI  •li'iH'li  I))  itit  yrtibryn  (Hr,)  dcscril^ed  by  His  which 
MWX'tifOit  I'U  iinii.  tti  IruKll'  •'"'<'  if  which  the  anterior  por- 
1(141  !■  •tlMtvit  in   I'ljf,    f,t,     'Ilie  anterior  boundary  of  the 


I'll;    II     tt" 


-(//.I.) 


I 


(III.. 


t^l  liV  III"  li"«tcrir.r  edge  of  the  second 
I  1  jtiilllldliiv  l.y  ilio  Ilmracic  wall,  and 
hHi  liiiiiiidiillcH  gradually  approach  one 
I  nil  |i<  illinlnUli  the  ojwning  into  the 
innliitt'U  iililllfrMlc  it  by  fusing  together, 
tilllU  i'ti|ivi>tl*iil  iiMn  n  completely  closed 
In  |ii|im'<l  l"V  lIlP  rrlodcrni  covering  the 
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three  posterior  arches  and  the  clefts  separating  these.  This 
cavity  eventually  undergoes  degeneration,  no  traces  of  it 
occurring  normally  in  the  adult,  although  certain  cysts  occa- 
sionally observed  in  the  sides  of  the  neck  may  represent 
persisting  portions  of  it. 

A  somewhat  similar  process  results  in  the  closure  of  the 
ventral  portion  of  the  first  cleft.*  a  fold  growing  backward 
from  the  posterior  edge  of  the  first  arch  and  fusing  with 
the  ventral  part  of  the  anterior  border  of  the  second  arch. 


Fig,  52. — ^Face  of 
mxf.   Maxillary  process;   np,  nasal  pit;   <   . 
globu  la  r  is , —  (.His.) 


\\   fossa ;   fg,  processus 


The  upper  part  of  the  cleft  persists,  however,  and,  as 
already   staled,    forms   the   external   auditory    meatus,   the 
I  pinna  of  the  ear  being  developed  from  the  adjacent  parts 
I  of  the  first  and  second  arches  {Figs.  48  and  49). 

The  region  immediately  in  front  of  the  first  arch  is  occu- 
bfried  by  a  rather  deep  depression,  the  oral  fossa,  whose 
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early  develupment  has  already  been  traced.  In  an  embryo 
measuring  8  mm.  in  length  (Fig.  $2)  the  fossa  {os)  has 
assumed  a  somewhat  irregular  quadrilateral  form.  Its  pos- 
terior boiuidary  is  formed  by  the  mandibular  processes  of 
tlie  first  Tire h,  while  laterally  it  is  fwunded  by  the  maxillary 
processes  (mxf>)  and  anteriorly  by  the  free  edge  of  a 
meiiian  plale,  termed  the  luistil  proci'ss,  which  nn  either  side 


of  the  median  line  is  elevated  to  form  a  marked  protuber- 
ance, the  t>roc{-ssus  ghbularis  (/^g).  The  ventral  ends  of 
the  ma.xillary  prtKesscs  are  widely  separated,  the  nasal 
process  and  the  prinressus  globulares  intervening  between 
ihem,  and  tlicy  arc  also  separated  from  the  globular  proc- 
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esses  by  a  deep  and  rather  wide  groove  which  anteriorly 
opens  into  a  circular  depression,  the  nasal  pit  (»/>). 

Later  on  the  maxillary  and  globular  processes  unite, 
obliterating  the  groove  and  cutting  off  the  nasal  pits — 
which  have  by  this  time  deepened  to  form  the  nasal  fossce 
— from  direct  communication  with  the  mouth,  with  which, 
however,  they  later  make  new  communications  behind  the 
maxillary  processes,  an  indication  of  the  anterior  and  p(^s- 
terior  nares  being  thus  produced. 

Occasionally  the  maxillary  and  globular  processes  fail  to 
unite  on  one  or  both  sides,  producing  a  condition  popularly 
known  as  "  harelip." 

At  the  time  wdien  this  fusion  occurs  the  nasal  fossne  are 
widely  separated  by  the  broad  nasal  process  (Fig.  53),  but 
during  later  development  this  process  narrows  to  fonn  the 
nasal  septum  and  is  gradually  elevated  al)ove  the  general 
surface  of  the  face  as  shown  in  Mgs.  48  50.  By  the  nar- 
rowing of  the  nasal  pnxress  the  globular  processes  arc 
brought  nearer  together  and  form  the  portions  of  the  upi>cr 
jaw  immediately  on  each  side  of  the  median  line,  the  rest 
of  the  jaw  being  formed  by  the  maxillary  processes.  In 
the  meantime  a  furrow  has  appeared  upon  the  mandibular 
process,  running  parallel  with  its  borders  ( I^  ig.  4</)  ;  the 
portion  of  the  process  in  front  of  this  furrow  gives  rise  to 
the  lower  lip  and  is  known  as  the  //"/>  ri(1^m\  while  the  portion 
behind  the  furrow  becomes  the  lower  jaw  ])r()i)er  and  is 
termed  the  chin  rid^c. 

The  Development  of  the  Limbs. — As  has  been  already 
pointed  out,  the  limbs  make  their  appearance  in  an  embryo 
measuring  about  4  mm.  in  length  (Tig.  45)  and  are  at  first 
bud-hke  in  form.  As  they  increase  in  length  they  at  first 
have  their  knig  axes  directed  parallel  to  the  longitudinal 
axis  of  the  bodv  and  become  somewhat  tlattened  at  their 
free  ends,  remaining  cylindrical  in  their  proximal  i)ortions. 
9 
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A  furrow  or  constriction  appears  at  the  junction  of  the 
flattened  and  cylindrical  portions  (Fig.  47),  and  later  a 
second  constriction  divides  the  cylindrical  portion  into  a 
proximal  and  distal  moiety,  the  three  segments  of  each  limb 
— the  arm.  forearm,  and  hand  in  the  upper  limb,  and, the 
tliigh.  leg,  and  foot  in  the  lower — I)eing  thus  marked  out. 
Tlie  digits  are  first  indicated  by  the  development  of  four 
radiating  shallow  grooves  upon  the  hand  and  foot  regions, 
and  a  transverse  furrow  uniting  the  proximal  ends  of  the 
digital  furrows  indicate?  the  junction  of  the  digital  and 
palmar  regions  of  the  hand  or  nf  the  toes  and  Ixidy  of  the 
foot.  After  this  stage  is  reached  the  development  of  the 
upiier  limb  proceeds  more  rapidly  than  that  nf  the  lower, 
although  the  processes  arc  essentially  the  same  in  both  limbs. 
The  digits  Iwgin  to  project  slightly,  but  are  at  first  to  a  very 
considerable  extent  united  together  by  a  web,  whose  further 
growth.  howe\-er,  does  not  keep  pace  with  that  of  the  digits, 
which  thus  come  to  project  more  and  more  in  later  stages. 
Kveu  in  comiiaratively  early  stages  the  thumb,  and  to  a 
somewhat  slighter  extent  the  great  toe,  is  widely  separated 
from  the  second  digit  (Figs.  49  and  50). 

While  these  changes  have  l)een  taking  place  the  entire 
limbs  have  altered  their  position  with  reference  to  the  axis 
of  the  body,  being  in  stages  later  than  that  shown  in  Fig. 
47  directed  ventrally  so  that  their  longitudinal  axes  are  at 
right  angles  to  thai  of  the  Ijody.  From  the  figures  of  later 
stages  it  may  be  seen  that  it  is  the  thumb  (radial)  side  of 
the  arm  and  the  great  toe  (tibial)  side  of  the  leg  which  are 
directed  forward ;  the  plantar  and  palmar  surfaces  of  the 
feel  and  hands  are  turned  toward  the  body  and  the  elbow 
is  directed  outward  and  slightly  backward,  while  the  knee 
l(M)ks  outward  and  slightly  forward.  It  seems  proper  to 
conclude  thai  the  radial  side  of  the  ann  is  homologous  with 
the  tibial  side  of  the  leg,  the  palmar  surface  of  the  hand 
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with  the  plantar  surface  of  the  foot,  and  the  elbow  with 
the  knee. 

The  limbs  are,  however,  still  in  the  quadrupedal  condi- 
tion, and  they  must  later  undergo  a  second  alteration  in 
position  so  that  their  long  axes  again  become  parallel  with 
that  of  the  body.  This  is  accomplished  by  a  rotation  of 
the  limbs  around  axes  passing  through  the  shoulders  and 
hip-joints  together  with  a  rotation  about  their  longitudi- 
nal axes  through  an  angle  of  90  degrees.  This  axial  rota- 
tion of  the  upper  limb  is,  however,  in  exactly  the  opposite 
direction  to  that  of  the  lower  limb  of  the  corresponding 
side,  so  that  the  homologous  surfaces  of  the  two  limbs  have 
entirely  different  relations,  the  radial  side  of  the  arm,  for 
instance,  being  the  outer  side  while  the  tibial  side  of  the  leg 
is  the  inner  side,  and  whereas  the  palmar  surface  of  the 
hand  looks  ventrally,  the  plantar  surface  of  the  foot  looks 
dorsally. 

In  making  these  statements  no  account  is  taken  of  the 
secondary  position  which  the  hand  may  assume  as  the  result 
of  its  pronation;  the  positions  given  are  those  assumed  by 
the  Hmbs  when  both  the  l)ones  of  their  middle  segment  are 
parallel  to  one  another. 

It  may  Jje  pointed  out  that  the  prevalent  use  of  the  physio- 
logical terms  flexor  and  extensor  to  describe  the  surfaces  of 
the  limbs  has  a  tendency  to  obscure  their  true  morphological 
relationships.  Thus  if,  as  is  usual,  the  dorsal  surface  of  the 
arm  be  tcmicd  its  extensor  surface,  then  the  same  term  should 
be  applied  to  the  entire  ventral  surface  of  the  lej^^,  and  all  move- 
ments of  the  lower  limb  ventrally  should  he  spoken  of  as 
movements  of  extension  and  any  movement  dorsally  as  move- 
ments of  flexion.  And  yet  a  ventral  movement  of  the  thigh 
is  generally  spoken  of  as  a  flexion  of  the  hip-joint,  while  a 
straightening  out  of  the  fo<:)t  upon  the  leg — that  is  to  say,  a 
movement  of  it  dorsallv — is  termed  its  extension. 

The  Age  of  the  Embryo  at  Different  Stages. — The  age 
of  an  embrvo  must  be  dated  from  the  moment  of  fertiliza- 
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tion  and  from  what  has  been  said  in  previous  pages  (pp.  35, 
36)  it  is  evident  that  it  must  be  exceedingly  difficult  to 
detennine  the  exact  age  of  any  embryo  even  when  the  time 
of  the  cessation  of  the  menses  and  the  date  of  the  coition 
which  resuhed  in  the  pregnancy  are  known.  And,  further- 
more, not  only  is  the  actual  date  of  the  beginning  of  devel- 
opment uncertain,  but  in  the  majority  of  the  known  human 
embryos  in  early  stages  the  time  of  the  cessation  of  develop- 
ment is  also  more  or  less  uncertain,  since  the  embryos  are 
ai»rtions  and  their  expulsion  need  not  necessarily  have  im- 
mediately succeeded  their  death. 

These  various  sources  of  uncertainty  are  of  especial  im- 
portance in  the  early  stages  of  development,  when  a  day 
more  or  less  means  much.  But  nevertheless  it  is  conve- 
nient to  ha\e  some  estimate  of  the  age  of  such  embryos 
even  though  it  be  recognized  that  any  date  given  is  a  mere 
approximation.  His  has  made  an  estimate  of  the  age  of  a 
number  of  embryos  concerning  which  approximate  data 
were  available  with  results  which  are  stated  in  the  follow- 
ing table: 

-  3     mm.  in  Icnglll. 


•-2i  weeks 

Ihe  embryo 

i-3 

3*          ■■ 

- 

It  must  be  borne  in  mind,  however,  that  embrjos  of  the 
sanie  age  need  not  in  all  cases  be  of  the  same  length,  since 
conditions  of  nutrition,  etc.,  will  largely  determine  not  only 
the  si7.e  of  the  embryo,  but  also  the  amount  of  its  develop- 
ment. And,  furthermore,  it  seems  probable  that  the  esti- 
mates for  age  given  in  the  above  table  may  be  too  small, 
since  there  is  reason  to  Iwlieve  that  the  earlier  stages  of 
development  proceed  more  slowly  than  do  the  later  one?. 
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Thus,  Bischoff  found  that  the  embryonic  disk  in  the  rabbit 
showed  but  little  differentiation  up  to  the  seventh  or  eighth 
day,  while  at  the  tenth  day  the  embryo  possessed  branchial 
clefts  and  meso<lermic  somites.-  It  would  seem  from  the 
available  data,  which  are  more  definite  than  usual,  that  a 
human  embrj'o  described  by  Eternod  and  measuring  only 
1.3  mm.  in  length  was  very  nearly  twenty-one  days  old; 
and  if  this  estimate  be  correct  then  the  ages  assigned  by  His 
to  the  earlier  embryos  must  l^e  very  consideral)ly  increased. 
As  regards  the  later  perif)ds  of  development,  tlie  limits 
of  error  for  any  date  become  of  less  importance.  His  esti- 
mates that  at  the  end  of  the  second  montli  when  the  embrvo 
becomes  a  fetus,  its  length  is  alx)ut  25  to  28  mm.,  and  f(^r 
later  periods  Schnuler  gives  the  following  measurements  as 
the  average : 

3(1  lunar  month 70-  00  nnn. 

4th     "  "         i(x>  1 70  nnn. 

5th     "  •*  i8;>  J70  nnn. 

6th     "  "         »8c>-34o  nnn. 

7th     "  "         350-380  nnn. 

8th     "  "         425  nnn. 

9th     "  "         467  mm. 

4<)(>  500  mm. 


loth     " 


From  the  .study  of  a  rclativelv  large  number  (»f  embrvos 
Mall  concludes  that  the  ages  of  embryos  measuring  any- 
where from  I  to  i(K)  mm.  in  length  may  be  expressed  in 
days  with  a  fair  amount  of  accuracy  by  the  s(|uare  root  of 
the  length  multiplied  by  100  (V  length  in  mm.  X  100), 
and  that  in  embryos  between  100  and  220  nun.  the  age  in 
days  is  alKMit  the  same  as  the  length  in  millimeters. 

The  data  concerning  the  weight  of  embryos  of  dififerent 
ages  are  as  yet  very  insufllcient,  and  it  is  well  known  that 
the  weights  of  new-lnirn  children  may  vary  greatly,  the 
authenticated  extremes  being,  according  to  V'ierordt,  717 
grams  and  6123  grams.     It  is  probable  that  considerable 
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variations  in  weight  occur  also  during  fetal  life.  So  far 
as  embryos  of  the  first  two  months  are  concerned,  the  data 
are  too  imperfect  for  tabulation;  for  later  periods  Fehling 
gives  the  following  as  average  weights : 

3d  month,  20  grams. 

4th  "  120  " 

Sth  "  28s  " 

6th  "  63s  " 

7th  "  1220  " 

Sth  "  1700  " 

9th  "  2240  " 


loth       "         3250      " 
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CHAPTER  IV. 

THE  MEDULLARY  GROOVE,  NOTOCHORD,  AND 
MESODERMIC  SOMITES. 

In  the  youngest  human  (.-inliryns  known,  such  as  the 
Peters"  embryo  and  the  youngest  embryo  described  by  Graf 
Sjiee.  there  is  no  difTerentialion  of  the  embryonic  disk 
other  than  that  associated  with  the  formation  of  the  primi- 
ti\e  streak.  In  an  embryo  described  by  Eternod  and  meas- 
uring 1.3  mm.  in  length  (Fig.  54)  a  median  longitudinal 
groove  (»i)  has  made  its  appearance,  marking  out  the  axis 
of  the  disk  and  forming  what  is  known  as  the  vicdullary 
groove;  and  in  the  older  embryo  descrjlied  by  Spec  (Fig, 
38)  a  longitudinal  ridge  has  appeareil  un  either  side  of  the 
groove,  forming  the  tiu-iiulUiry  folds. 

'file  two  folds  are  continuous  anteriorly,  but  behind  they 
are  at  first  separate,  the  anterior  [lortion  of  (he  primitive 
streak  lying  Iwtween  them.  In  forms,  such  as  the  ReptiUa, 
which  possess  a  distinct  blastopore,  this  opening  lies  in  the 
interval  between  the  two,  and  consequently  is  in  the  floor 
of  the  medullary  gnxjve,  and  in  the  mammalia,  even  though 
no  well-defined  blastopore  is  formed,  yet  at  the  time  of  the 
formation  of  the  medullary  fold  an  oi)ening  breaks  Through 
at  the  anterior  end  of  the  primitive  streak  and  places  the 
cavity  lying  below  the  endoderm  in  communication  with 
the  space  bounded  by  the  medullary  folds.  The  canal  so 
fomie<i  is  termed  the  ucurenteric  canal  (Fig,  55,  «c)  and 
is  so  called  because  it  unites  what  will  later  lieconie  the  cen- 


Fic.   54— Rmhkvo    I..M   MM.   LcNO. 
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tral  canal  of  the  nervous  system  with  the  intestine  (en- 
teron).  The  significance  of  this  canal  lias  already  been 
discussed  (p.  60)  ;  it  is  of  very  brief  persistence,  closing  at 
an  early  stage  of  development  so  as  to  leave  no  trace  of  its 
existence. 

As  development  proceeds   the  medullary  folds   increase 


Fig,  ss.— DiAr.RA 

al,  AlUnioU;  om,  amnion;  B,  belly-5ialk ;  ch,  chorion;  h,  heart;  nc. 
ncurcnlcric  canal;  t',  chorionic  villi;  y,  yolk-sac. — {vox  Spee.) 

in  height  and  at  the  same  time  incline  toward  one  another 
(Fig.  40)  so  that  their  edges  finally  come  into  contact  and 
later  fuse,  the  two  ectodermal  layers  forming  the  one  unit- 
ing with  the  corresponding  layers  of  the  other  (Fig.  56). 
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By  this  process  the  medullary  groove  becomes  converted 
into  a  medullary  canal  which  later  becomes  the  central 
canal  of  the  spinal  cord  and  the  ventricles  of  the  brain,  the 
ectodermal  walls  of  the  canal  thickening"  to  give  rise  to  the 
central  nervous  system.  The  closure  of  the  groove  does 
not,  however,  take  place  simultaneously  along^  its  entire 
length,  but  l>cgins  in  what  corrcsiionds  lo  the  neck  region 


Fig,    56, — DiAfiRAM. 


of  tbe  adult  (Fig.  41)  and  thence  proceeds  both  anteriorly 
and  posteriorly,  the  extension  of  the  fusion  taking  place 
rather  slowly,  however,  especially  anteriorly,  so  that  an 
anterior  opening  into  the  otherwise  closed  canal  can  be 
distinguished  for  a  considerable  period   (Fig.  42). 

While  these  changes  have  been  taking  place  in  the  ecto- 
derm of  the  median  line  of  the  embryonic  disk,  modifica- 
tions of  the  subjacent  endodemi  have  also  occurred.     This 
I  eHdoderiii,  it  will  be  remenitered,  was  formed  by  tlie  head 
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process  of  the  primitive  streak,  and  was  a  plate  of  cells  con- 
tinuous at  the  sides  with  the  primary  endoderm  and  extend- 
ing forward  as  far  as  what  will  eventually  be  the  anterior  I 
part  of  the  pharynx.  Along  the  line  of  its  junction  with 
the  primary  endoderm  it  gives  rise  to  the  plates  of  gaslral 
mesoderm  (Fig.  27),  while  the  remainder  of  it  produces 
an  im|»rtant  embryonic  organ  known  as  the  notochord  or 


ec.  Ectoderm; 


Sections   thboi'gh    Mole   Embrv 
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chorda  darsalis  and  on  this  acconnt  is  sometimes  termed 
the  chorda  endoderm. 

After  the  separation  of  the  plates  of  gastral  mesoderm  the 
chorda  endoderm,  which  is  at  first  a  flat  band,  becomes  some- 
what curved  (Fig.  57,  A),  so  that  it  is  concave  on  its  under 
surface,  and.  the  curvature  increasing,  the  edges  of  the  plate 
come  into  contact  and  finally  fuse  together  (Fig.  57,  B), 
the  edges  of  the  primary  endoderm  at  the  same  time  uniting 
heneath  the  chordal  tube  so  formed,  so  this  layer  becomes 
a  continuous  sheet,  as  it  was  at  its  first  appearance.  The 
luinen  which  is  at  first  present  in  the  chordal  tul>e  is  soon 
obliterated  by  the  enlargement  of  the  cells  which  bound  it. 
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and  these  cells  later  undergo  a  peculiar  transformation 
whereby  the  chordal  tube  is  converted  into  a  solid  elastic 
rod  surrounded  by  a  cuticular  sheath  secreted  by  the  cells. 
The  iiotochord  lies  at  first  immediately  beneath  the  median 
line  of  the  medullary  grouve,  between  the  ectodenn  and  the 
endoderm,  and  has  on  either  side  of  it  the  mesodermal 
plates.  It  is  a  temporary  structure  of  which  only  rudiments 
persist  in  the  adult  condition  in  man,  but  it  is  a  structure 
characteristic  of  all  vertebrate  embryos  and  persists  to  a 
more  or  less  perfect  extent  in  many  of  the  fishes,  being 
indeed  the  only  axial  skeleton  possessed  by  Ampluoxus.  In 
the  higher  vertebrates  it  is  almost  completely  replaced  by 
the  vertebral  column,  which  develops  around  it  in  a  manner 
to  be  described  later. 

Turning  now  to  the  middle  germinal  layer,  it  will  he  found 
that  in  it  also  imptirtant  changes  take  place  during  these 
early  stages  of  development.  The  proljable  mode  uf  devel- 
opment of  the  extra -embryonic  mesoderm  and  body-cavity 
has  already  been  described  fp.  69)  and  attention  may  now 
be  directed  toward  what  occurs  in  the  embryonic  mesoderm. 
In  both  the  Peters  embryo  and  the  embryo  v.H  described 
by  von  Spee  this  pr>rtion  of  the  mesodenn  is  represented  by 
a  plate  of  cells  lying  between  the  ectoderm  and  eiidodenn 
and  becoming  contiiuious  at  the  edges  of  the  embryonic 
area  with  both  the  layer  which  surrounds  the  yoik-sac  and, 
through  the  mesoilerm  of  the  belly-stalk,  with  the  chorionic 
mesoderm  (Fig.  35).  It  seems  probable,  since  there  is  in 
these  embryos  no  indication  as  yet  of  the  formation  of  the 
chorda  endoderm,  that  this  plate  of  mesoderm  corresponds 
to  the  prostomiat  mesoderm  of  lower  forms.  In  older  em- 
bryos, such  as  the  embryo  Gle  of  Graf  Spee  and  the  younger 
embryo  described  by  Eternod  (Fig.  54),  the  mesoderm  no 
longer  forms  a  continuous  sheet  extending  completely  across 
the  embryonic  disk,  but  is  divided  into  two  lateral  plates,  in 
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the  interval  between  which  the  ectoderm  of  the  fluur  of  the 
medullary  groove  and  the  chorda  endoderm  are  in  close 
contact  (Fig.  34).  These  lateral  plates  represent  the  gas- 
tral  mesoderm,  whose  origin  has  already  been  described 
(p.  62),  and  which  apparently  supplants  the  original  pros- 
totnia!  mesoderm,  whose  fate  in  the  human  embryo  is  at 
present  unknown.  The  changes  which  now  occur  have  not 
as  yet  been  observed  in  the  human  embryo,  though  they 
probably  resemble  those  described  in  other  mammalian  em- 
bryos, and  the  phenomena  which  occur  in  the  sheep  may 
serve  to  illustrate  their  probable  nature. 

The  lateral  plates  increase  in  size  by  the  multiplication 


'kansvt.k.se    Section    thkohoh    the    Sktonu    Mesodehmic 
&1MITE  OF  A  Sheep  Embkyo  j   mm.  Lonr. 
am,  Amiiifrti;  rn.  cmloderm;   I,  iniertncdiale  ccll-inass ;  mg.  nifdiiTlary 
croove :   ms,  mesoilennic  somite ;  10,  somatic  and  sl>.  splanchnic 
layers  o(  the  ventral  mesoderm.^ (Bo«nW.) 

of  the  celts  which  compose  them  and,  in  sections,  have  a 
somewhat  triangular  fonn,  the  portions  nearest  the  median 
line  of  the  embryo  being  much  thicker  than  the  more  lateral 
parts.  Iti  the  region  which  will  later  become  the  neck  of 
the  embryo  a  longitudinal  groove  appears  upon  the  dorsal 
surface  of  each  plate,  inarking  off  the  more  median  thicker 
portion  from  the  lateral  parts,  and  the  median  portions  then 
become  divided  transversely  into  a  number  of  more  or  less 
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cubical  masses  which  are  termed  the  proloverlebra:  or,  better, 
mesodcrmic  somites  (Fig,  58, mi),  structures  whose  appear- 
ance in  surface  views  has  already  been  described  (Fig.  41 
et  seq.).  The  cells  of  the  somites  and  of  the  lateral  parts, 
which  may  be  termed  the  ventral  mesoderm,  are  at  first 
stellate  in  fomi,  but  later  become  more  spindle-shaped,  and 
those  near  the  center  of  each  somite  and  those  of  the  ventral 
mesoderm  arrange  themselves  in  regular  layers  so  as  to  en- 
close cavities  which  appear  in  these  regions  (Fig.  58).    The 


Fig.  59.— Tbansveh: 
43)  BHowrac  01 

Mesoderm. — ivi 


'.  Section  of  an  Embrvo  of  2.5  mm.    (See  Ftc. 

EITHKH    SIDE   OF   THE    MeDULLAHY    CaNAL   A    Mf.SO- 

rsE  Intehmeoiate  Cell-mass,  and  the  Ventral 
1  Lcnhossck.) 


cavities  of  the  somites  first  formed  become  continuous  with 
the  cavities  contained  between  the  layers  of  the  adjacent 
ventral  mesoderm,  but  this  contuiuity  eventually  disappears 
and  is  not  developed  in  the  later  formed  somites.  Each 
original  lateral  plate  of  gastral  mesoderm  thus  becomes 
divided  longitudinally  into  three  areas,  a  more  median  area 
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composed  of  mesodermic  somites,  lateral  to  this  a  narrow 
area  undeHying  the  original  longitudinal  groove  wliich  sep- 
arated the  somite  area  from  the  ventral  mesoderm  and 
which  from  its  position  is  termed  the  intermediate  cell  mass 
(Fig-  58,  0.  3"d,  finally,  the  ventral  mesoderm.  This  last 
portion  is  now  divided  into  two  layers,  the  dorsal  of  which 
is  termed  the  somatic  mesoderm,  while  the  ventral  one  is 
known  as  the  splaitchnic  mesoderm  ^Fig.  58,  so  and  sp;  and 
Fig.  59),  the  cavity  which  separates  these  two  layers  being 
the  embryonic  body-cavity  or  pleuroperitoneal  cavity,  •wh.Kh 
will  eventually  give  rise  to  the  pleural,  pericardial  and  peri- 
toneal cavities  of  the  adult  as  well  as  the  cavity  of  each 
tunica  vaginalis  testis. 

Beginning  in  the  neck  region,  the  formation  of  the  meso- 
dermic somites  proceeds  anteriorly  and  ])OSterior-ly  until 
finally  there  are  present  in  the  human  embryo  thirty-eight 
pairs  in  the  neck  and  trunk  regions  of  the  body,  and,  in 
addition,  a  certain  number  are  developed  in  what  is  later  the 
occipital  region  of  the  head.  Exactly  how  many  of  these 
occipital  somites  are  developed  is  not  known,  but  in  the  cow 
four  have  been  observed,  and  there  are  reasons  for  believing 
that  the  same  number  occurs  in  the  human  embryo. 

In  the  lower  vertebrates  a  nuinher  of  cavities  arranged  in 
pairs  occur  in  the  more  anterior  portions  of  the  head  and  have 
been  homologized  with  mesodermic  somites.  Whether  this 
homology  be  perfectly  correct  or  not,  these  head-cavities,  as 
they  arc  termed,  indicate  the  existence  of  a  division  of  the 
head  mesoderm  into  somites,  and  although  practically  nothing 
is  known  as  to  their  existence  in  the  human  embryo,  yet, 
from  the  relations  in  which  they  stand  to  the  cranial  nerves 
and  musculature  in  the  lower  forms,  there  is  reason  to  suppose 
that  they  are  not  entirely  unrepresented. 

The  mesodennic  somites  in  the  earliest  human  embryos 
in  which  they  have  been  observed  contain  a  completely 
closed  cavity,  and  this  is  true  of  the  majority  of  the  somites 
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rated  off.  They  are,  however,  of  but  short  duration  and 
early  become  filled  up  by  spindle-shaped  cells  derived  from 
the  walls  of  the  somites,  which  themselves  undergo  a  differ- 
entiation into  distinct  portions.  The  cells  of  that  portion 
nf  the  wall  of  each  somite  which  is  opposite  the  notochord 
Iwcomc  spindle-shaped  and  grow  inward  toward  the  median 
litie  to  surroimd  the  notochord  and  central  nervous  system, 
and  give  rise  eventually  to  the  lateral  half  of  the  body  of  a 
vertebra  and  the  corresponding  portion  of  a  vertebral  arch. 
This  portion  of  the  somite  is  termed  a  sclerotome  (Fig.  60, 
S),  and  the  remainder  forms  a  muscle  plate  or  myotome 
(M)  which  is  destined  to  give  rise  to  a  portion  of  the  volun- 
tary nniKculature  of  the  body.  The  outer  wall  of  the  somite 
hfin  l)een  ({encrally  believed  to  take  part  in  the  formation  of 
\Ue  ciili»  layer  of  the  integument  and  hence  has  been  termed 
Ihc  iiilii  plate  or  dermatome,  but  it  seems  probable  that  it 
bt'crtitCH  entirely  transformed  into  muscular  tissue. 

Thr  inlerinediatc  cell-mass  in  the  human  embryo,  as  in 
lower  form*,  partakes  of  the  transverse  divisions  which 
atipiliale  the  iiiilividual  mcstniermic  somites.  From  one  por- 
itnii  lit  thu  liftMR"  ill  most  of  the  somites  (Fig.  60,  Pn)  the 
|iliivi»iiiiiiil  kldiieyi  or  Wolftian  IxKiies  develop,  this  portion 
of  WH'li  iiii(»it  lieing  lernicd  a  ncphrotome,  while  the  remain- 
il(lf  [HHlioii  ijive*  ri»e  to  a  imi»s  of  cells  showing  no  tendency 
lu  Mrr4lli{«  lliVtll*cIveM  in  definite  layers  and  constituting 
tlntl  foi'Ui  ^l^  inetudpini  which  has  been  termed  mesenchyme 
(HT  p.  ^'^).  'I'lieiic  niocnchymatous  masses  become  con- 
WIIihI  mill  I'l'iinpcllvp  tixnuc)*  and  blood-vessels. 

ritv  ^viiti'd  UleHiderin  in  the  neck  and  trunk  regions 
itV^bt  hU"ilH'divldtfil  liniHversdy  into  segments  correspond- 
J114,  ti.  till  tiii.ii'diiiuW  sirtiiilrH,  diJTering  in  this  respect  from 
(ti.  ..(  thr  K''^"'"!  mesoderm.     In  the  head, 

li  .  , ,.  .it  III  the  middle  layer  which  corresponds 

1"  !!.-.  Juui  o(  llic  iruilk  does  undergo  a  division 
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into  segments  in  connection  with  the  development  of  the 
branchial  arches  and  clefts.  A  consideration  of  these  seg- 
ments, which  are  known  as  the  branchio meres,  may  conve- 
niently be  postponed  until  the  chapters  dealing  with  the 
development  of  the  cranial  muscles  and  nerves,  and  in  what 
follows  here  attention  will  be  confined  to  what  occurs  in  the 
ventral  mesoderm  of  the  neck  and  trunk. 

Its  splanchnic  layer  applies  itself  closely  to  the  endo- 
dermal  digestive  tract  (Fig.  6i,  Sp),  which  is  constricted 
off  from  the  dorsal  portion  of  the  yolk-sac,  and  becomes 
converted  into  mesenchyme  out  of  which  the  muscular  coats 
of  the  digestive  tract  develop.  The  cells  which  line  the 
pleuroperitoneal  cavity,  however,  retain  their  arrangement 
in  a  layer  and  form  a  part  of  the  serous  lining  of  the  peri- 
toneal and  other  serous  cavities,  the  remainder  of  the  lining 
being  formed  by  the  corresponding  cells  of  the  somatic 
layer;  and  in  the  abdominal  region  the  superficial  cells,  sit- 
uated near  the  line  w^here  the  splanchnic  layer  passes  into 
the  somatic,  and  in  close  proximity  to  the  nephrotome  of  the 
intermediate  cell-mass,  become  columnar  in  shape  and  are 
converted  into  reproductive  cells. 

The  somatic  layer,  if  traced  peripherally,  becomes  con- 
tinuous at  the  sides  with  the  layer  of  mesoderm  which  lines 
the  outer  surface  of  the  amnion  (Fig.  60)  and  posteriorly 
with  the  mesoderm  of  the  belly-stalk.  That  portion  of 
it  which  lies  within  the  body  of  the  embryo,  in  addition  to 
giving  rise  to  the  serous  lining  of  the  parietal  layer  of 
the  pleuroperitoneum,  becomes  converted  into  mesenchyme, 
which  for  a  considerable  length  of  time  is  clearly  differen- 
tiated into  two  zones,  a  more  compact  dorsal  one  which 
may  be  termed  the  somatic  layer  proper,  and  a  thinner, 
more  ventral  vascular  zone  which  is  termed  the  memhrana 
reuniens  (Fig.  61).  In  the  earlier  stages  the  somatic  layer 
proper  does  not  extend  ventrally  beyond  the  line  which 
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passes  through  the  limb  buds  and  it  grows  out  into  these 
butis  to  form  an  axtal  core  for  them  (Fig.  6i,  Lr),  in  which 
later  the  skeleton  of  the  limb  forms.  The  remainder  of  the 
mesoderm  lining  the  sides  and  ventral  portions  of  the  body- 
wall  is  at  first  formed  from  the  membrana  reuniens,  but  as 
development  proceeds  the  somatic  layer  gradually  extends 
more  veiitrally  and  displaces,  or,  more  properly  speaking, 
assimilates  into  itself,  the  membrana  reuniens  until  finally 
the  latter  has  completely  disappeared. 

It  is  to  be  noted  that  no  part  of  the  voluntary  muscula- 
ture of  the  lateral  and  ventral  walls  of  the  neck  and  trunk 
is  derived  from  the  somatic  layer;  it  is  formed  entirely 
from  the  myotomes  which  gradually  extend  ventrally  and 
finally  come  into  contact  with  their  fellows  of  the  opposite 
side  in  the  mid-ventral  line.  Whether  the  voluntary  mus- 
culature of  the  limbs  is  also  derived  from  the  myotomes  is 
at  present  doubtful.  It  has  been  very  generally  believed 
that  the  myotomes  in  their  growth  ventrally  sent  prolonga- 
tions into  the  limb  buds  which  invested  the  axial  core  of 
mesenchyme  and  eventually  gave  rise  to  the  voluntary  mus- 
cles, and  sucb  may  really  be  the  case,  the  relations  of  the 
various  parts  developed  from  the  gastral  mesoderm  being 
as  represented  in  the  diagrams  composing  Fig.  6i.  The 
actual  existence  of  the  prolongations  of  the  myotomes  and 
their  conversion  into  tbe  limb  musculature  has,  however,  not 
yet  been  observed  and  it  is  quitepossible  that  the  limb  muscu- 
lature may  be  derived  from  the  axial  core  f>f  somatic  meso- 
derm from  which  the  limb  skeleton  develops. 

The  appearance  of  the  mesoderniic  somites  is  an  impor- 
tant phenomenon  in  the  development  of  the  embryo,  since 
it  influences  fundamentally  the  future  structure  of  tbe  or- 
ganism. If  each  pair  of  mesodermic  somites  be  regarded 
as  an  element  and  termed  a  tnelamere  or  segment,  then  it 
may  be  said  that  the  body  is  com|K)sed  of  a  series  of  meta- 
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meres,  each  more  or  less  closely  resembling  its  fellows,  and 
succeeding  one  another  at  regular  intervals.  Each  somite 
differentiates,  as  has  been  slated,  into  a  sclerotome  and  a 
myotome,  and,  accordingly,  there  will  primarily  be  as  many 
vertebrae  and  muscle  segments  as  there  are  niescidermic 
somites,  or,  in  other  words,  the  axial  skeleton  and  the  vol- 
untary muscles  of  the  trunk  are  primarily  metameric.     Nor 
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Mesoderm. 
C,  Outer  layer  of  myolonie;  Dm,  dorsal  portion  of  myotome;  Gt, 
genital  ridge;  /,  intestine;  Lr.  limb  bud;  Mr,  membruiia  retinitis; 
N,  nervous  system;  Nc,  notochord;  Sc,  scleroiorae;  So  and  Sl>, 
somatic  and  splanchnic  mesoderm;  Vm,  ventral  porlion  of  myo- 
tome;  iVd.   Wolffian   Anc\.~{Moditied  from   Kotlmann.) 


I  is  this  all.     Since  each  metamere  is  a  distinct  unit,  it  must 

'   possess  its  own  supply  of  nutrition,  and  hence  the  primary 

arrangement  of  the  blood-vessels  is  also  metameric,  a  branch 

passing  off  on  either  side  from  the  main  longitudinal  arteries 

and  veins  to  each  metamere.     And,  further,  each  pair  of 

I  muscle  segments  receives  its  own  nerves,  so  that  the  arrange- 

I  ment  of  the  nerves,  again,  is  distinctly  metameric. 
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Tliis  iiietamerisni  is  most  distinct  in  the  neck  and  trunk 
regions,  and  at  first  only  in  the  dorsal  portions  of  these 
regions,  the  ventral  portions  showing  metamerism  only 
after  the  extension  into  them  of  the  myotomes.  But  there 
is  clear  evidence  that  the  arrangement  extends  also  into 
the  head,  and  that  this,  like  the  rest  of  the  body,  is  to  be 
regarded  as  coni])osed  of  metameres.  It  has  been  seen  that 
in  tlie  notochordal  j'egion  of  the  head  of  lower  vertebrates 
mesodermic  somites  are  present,  while  anteriorly  in  tiie  pre- 
chordal region  there  are  head-cavities  which  resemble  closely 
the  mesodermic  somites,  and  may,  perhaps,  be  directly  com- 
parable to  the  somites  of  the  trunk.  There  is  reason,  there- 
fore, for  believing  that  the  fundamental  arrangement  of  all 
parts  of  the  body  is  metameric,  but  though  this  arrangement 
is  clearly  defined  in  early  embryos,  it  loses  distinctness  in 
later  periods  of  development.  But  even  in  the  adult  the 
primary  metamerism  is  clearly  indicated  in  the  arrangement 
of  the  nerves  and  of  parts  of  the  axial  skeleton,  and  careful 
study  frequently  reveals  indications  of  it  in  highly  modified 
muscles  and  blood-vessels. 

In  the  head  the  development  of  the  branchial  arches  and 
clefts  produces  a  series  of  parts  presenting  many  of  the 
peculiarities  of  metameres,  and,  indeed,  it  has  been  a  very 
general  custom  to  regard  them  as  expressions  of  the  general 
metamerism  which  prevails  throughout  the  body.  It  is  to 
be  noted,  however,  that  they  are  produced  by  the  segmenta- 
tion of  the  ventral  mesoderm,  a  structure  whicJi  in  the  neck 
and  trunk  regions  does  not  sliare  in  the  general  metamerism, 
and,  furthemiore.  recent  observations  on  the  cranial  nerves 
seem  lo  indicate  that  these  branchiomeres  cannot  be  regarded 
as  portions  of  the  head  metameres  or  even  as  structures 
comparable  to  these.  'I'hey  represent,  more  probably,  a 
second  metamerism  sujterposed  upon  the  more  general  one, 
or,  indeed,  possibly  more  primitive  than  it,  but  wliose  rela- 
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tions  can  only  be  properly  understood  in  connection  with 
a  study  of  the  cranial  nerves  (see  p.  445). 
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CHAPTER   V. 


THE   YOLK-STALK,   BELLY-STALK,    AND    FETAL 
MEMBRANES. 

The  conditions  to  wliich  tlie  enil)ryf>s  and  larvie  of  the 
majority  of  animals  nuist  adapt  themselves  are  so  different 
from  those  under  which  the  adult  organistns  exist  that  in 
the  early  stages  of  development  special  organs  are  very  fre- 
quently developed  which  are  of  use  only  during  the  em- 
bryonic or  larval  period  and  are  discarded  when  more 
advanced  stages  of  development  have  been  reached.  This 
remark  applies  witli  especial  force  to  the  human  embryo 
which  leads  for  a  period  of  nine  months  what  may  be  termed 
a  parasitic  existence,  drawing  its  nutrition  from  and  yielding 
up  its  waste  products  to  the  blood  of  the  parent.  In  order 
that  this  may  be  accomplished  certain  special  organs  are 
developed  by  the  embryo,  by  means  of  which  it  forms  an 
intimate  connection  with  the  walls  of  the  uterus,  which,  on 
its  part,  becomes  greatly  modilied,  the  combination  of  em- 
bryonic and  maternal  structures  producing  what  are  termed 
the  decidua;  owing  to  their  being  discarded  at  birth  when 
the  parasitic  mode  of  life  is  given  up. 

Furthermore,  it  has  already  been  seen  that  many  pecu- 
liar modifications  of  development  in  the  human  embryo 
result  from  the  inheritance  of  structures  from  more  or  less 
remote  ancestors,  and  among  the  embryonic  adnexes  are 
found  structures  which  represent  in  a  more  or  less  modi- 
fied condition  organs  of  considerable  functional  importance 
in  lower  forms.  Such  structures  are  the  yolk-stalk  and 
vesicle,  the  amnion,  and  the  allanlois,  and  for  their  proper 


understanding;  it  will  be  well  to  consider  briefly  their  devel- 
opment in  some  lower  fonn,  such  as  the  chick. 

At  the  time  when  the  embryo  of  the  chick  begins  to  be 
constricted  off  from  the  surface  of  the  large  yolk-mass,  a 
fold,  consisting  of  ectoderm  and  somatic  mesoderm,  arises 
just  outside  the  embryonic  area,  which  it  completely  sur- 
rounds. As  development  proceeds  the  fold  becomes  higher 
and  its  edges  gradually  draw  nearer  together  over  the  dorsal 


FlC.     6a.— DlAGKAMS     It-UfSTHATlNG    THE    FORMATION     OF    THE    AMNION 
AMD    AlXANTOlS    IN    THE    ChICK. 

Af,  Amnion  folds;   Al,  allantois;  Am,  amniotic  cavity;   Ds,  yolk-sac, 
—  {Gegenbaur.) 

surface  of  the  embryo  (Fig.  62,  A),  and  finally  meet  and 
fuse  (Fig.  63,  B),  so  that  the  embryo  becomes  enclosed 
within  a  sac,  which  is  termed  the  amnion  and  is  formed  by 
the  fusion  of  the  layers  which  constituted  the  inner  wail  of 
the  fold.  The  layers  of  the  outer  wall  of  the  fold  after 
fusion  form  part  of  the  general  ectoderm  and  somatic  meso- 
derm which  make  up  the  outer  wall  of  die  ovum  and  together 
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are  known  as  the  serosa,  corresponding  to  the  chorion  of 
the  mammalian  embryo.  The  space  which  occurs  between 
the  amnion  and  the  serosa  is  a  portion  of  the  extra- 
einbryonic  ccelom  and  is  continuous  with  the  embryonic 
pleuroperitoneal  cavity. 

In  the  ovum  of  the  chick,  as  in  that  of  tiie  reptile,  the 
protoplasmic  material  is  limited  to  one  pole  and  rests  upon 
the  large  yolk-mass.  As  development  proceeds  the  germ 
layers  gradually  extend  around  the  yolk-mass  (compare 
Fig.  62,  A-C)  and  eventually  completely  enclose  it,  the  yolk- 
mass  coming  to  lie  within  the  endodermal  layer,  which, 
together  with  the  splanchnic  mesoderm  which  lines  it,  forms 
what  is  termed  the  yolk-sac.  As  the  embryo  separates  from 
the  yolk-mass  the  yolk-sac  is  constricted  in  its  proximal  por- 
tion and  so  differentiated  into  a  yolb-slalk  and  a  yolk-sac, 
the  contents  of  the  latter  being  gradually  absorbed  by  the 
embryo  during  its  growth,  its  walls  and  those  of  the  stalk 
being  converted  into  a  portion  of  the  embryonic  digestive 
tract. 

In  the  meantime,  however,  from  the  posterior  portion 
of  the  digestive  tract,  behind  the  point  of  attachment  of 
the  yolk-sac,  a  diverticulum  has  begun  to  form  (Fig.  62,  A). 
This  increases  in  size,  projecting  into  the  extra-embryonic 
portion  of  the  pleuroperitoneal  cavity  and  pushing  before 
it  the  splanchnic  mesoderm  which  lines  the  eudoderm  (Fig, 
62,  B  and  C).  This  is  the  allantois,  which,  reaching  a  very 
considerable  size  in  the  chick  and  applying  itself  closely  to 
the  inside  of  the  serosa,  serves  as  a  respiratory  and  excretory 
organ  for  the  embryo,  for  which  purpose  its  walls  are  richly 
supplied  with  Wood- vessels,  the  allantoic  arteries  and  veins. 

Toward  the  end  of  the  incubation  period  both  the  am- 
nion and  allantois  begin  to  undergo  retrogressive  changes, 
and  just  before  the  hatching  of  the  young  chick  they  become 
completely  dried  up  and  closely  adherent  to  the  egg-shell, 


THE   AMNION.  115 

at  the  same  time  separating  from  their  point  of  attachment 
to  the  body  of  the  young  chick,  so  that  when  the  chick  leaves 
the  egg-shell  it  bursts  through  the  dried-up  membranes  and 
leaves  them  behind  as  useless  structures. 

The  Amnion. — Turning  now  to  the  human  embryo,  it 
will  be  found  that  the  same  organs  are  present,  though  some- 
what modified  either  in  the  mode  or  the  extent  of  their 
development.  A  well-developed  amnion  occurs,  arising,  how- 
ever, in  a  very  different  manner  from  what  it  does  in  the 
chick;  a  large  yolk-sac  occurs  even  though  it  contains  no 
yolk ;  and  an  allantois  which  has  no  respiratory  or  excretory 
functions  is  present,  though  in  a  somewhat  degenerated  con- 
dition. It  has  been  seen  from  the  description  of  the  earliest 
stages  of  development  that  the  processes  which  occur  in  the 
lower  forms  are  greatly  abbreviated  in  the  human  embryo. 
The  enveloping  layer,  instead  of  gradually  extending  from 
one  pole  to  enclose  the  entire  ovum,  develops  in  situ  during 
the  stages  immediately  succeeding  segmentation,  and  the 
extra-embryonic  mesoderm,  instead  of  growing  out  from 
the  embryo  to  enclose  the  yolk-sac,  splits  off  directly  from 
the  enveloping  layer.  The  earliest  stages  in  the  develop- 
ment of  the  amnion  are  not  yet  known  for  the  human  em- 
bryo, but  from  the  condition  in  which  it  is  found  in  the 
Peters  embryo  (Fig.  35)  and  in  the  embryo  v.H,  of  von 
Spee  (Fig.  37)  it  is  probable  that  it  arises,  not  by  the  fusion 
of  the  edges  of  a  fold,  as  in  the  chick,  but  by  a  vacuolization 
of  a  portion  of  the  inner  cell-mass,  as  has  been  described 
as  occurring  in  the  bat  (p.  57).  It  is,  then,  a  closed  cavity 
from  the  very  beginning,  the  floor  of  the  cavity  being  formed 
by  the  embryonic  disk,  its  posterior  wall  by  the  anterior  sur- 
face of  the  belly-stalk,  while  its  roof  and  sides  are  thin  and 
composed  of  a  single  layer  of  flattened  ectodermal  cells  lined 
on  the  outside  by  a  layer  of  mesoderm  continuous  with  the 
somatic  mesoderm  of  the  embryo  and  the  mesoderm  of  the 
belly-stalk  (Fig.  63,  A). 
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When  tiie  bending  downward  of  the  peripheral  portions 
of  the  embryonic  disk  to  close  in  the  ventral  surface  of  the 
embryo  occurs,  the  Hue  of  attachment  of  the  amnion  to  the 
disk  is  also  carried  ventrally  (Fig.  63,  B),  so  that  when 
the  cnnslricliun  off  of  the  embryo  is  practically  completed. 


I'lG,    6J.— DlAI^KAMi    1 

Conn. 
The  heavy  black  line  represents  ihe  embryonic  eclodcrm;  ihe  dotted 
line  represents  the  line  of  reflexion  of  Ihe  body  ecioderm  into  that 
of  tlie  amnion.  /Ic,  Amniotic  cavity;  AI,  allantois;  Be,  extra- 
embryonic cirlom ;  Bi,  belly-stalk;  Ck.  chorion;  1',  placenta;  Uc, 
umbilical  cord;  V,  chorionic  villi;   Yi,  yolk-sac. 

the  amnion  is  attached  anteriorly  to  the  margin  of  the 
umbilicus  and  posteriorly  to  the  extremity  of  the  band  of 
ectoderm  lining  wliat  may  now  be  considered  the  posterior 
surface  of  the  belly-stalk,  while  at  the  sides  it  is  attached 


THE   AMNION.  I  17 

along  an  oblique  line  joining  these  two  points  (Fig.  63,  B 
and  C,  in  which  the  attachment  of  the  amnion  is  indicated 
by  the  broken  line). 

Leaving  aside  for  the  present  the  changes  which  occur 
in  the  attachment  of  the  amnion  to  the  embryo  (see  p. 
123),  it  may  be  said  that  during  the  later  growth  of  the 
embryo  the  amniotic  cavity  increases  in  size  until  finally 
its  wall  comes  into  contact  with  the  chorion,  the  extra- 
embryonic body-cavity  being  thus  practically  obliterated 
(Fig.  63,  D),  though  no  actual  fusion  of  amnion  and  chorion 
occurs.  Suspended  by  the  umbilical  cord,  which  has  by  this 
time  developed,  the  embryo  floats  freely  in  the  amniotic 
cavity,  which  is  filled  by  a  fluid,  the  liquor  amnii,  whose 
origin  is  involved  in  doubt,  some  authors  maintaining  that 
it  infiltrates  into  the  cavity  from  the  maternal  tissues,  while 
others  hold  that  a  certain  amount  of  it  at  least  is  derived 
from  the  embryo.  It  is  a  fluid  with  a  specific  gravity  of 
about  1.003  and  contains  about  i  per  cent,  of  solids,  prin- 
cipally albumin,  grape-sugar,  and  urea,  the  last  constituent 
probably  coming  from  the  embryo.  When  present  in  great- 
est quantity, — that  is  to  say,  at  about  the  beginning  of  the 
last  month  of  pregnancy, — it  varies  in  amount  between  one- 
half  and  three-fourths  of  a  liter,  but  during  the  last  month 
it  diminishes  to  about  half  that  quantity.  To  protect  the 
epidermis  of  the  fetus  from  maceration  during  its  prolonged 
immersion  in  the  liquor  amnii,  the  sebaceous  glands  of  the 
skin  at  about  the  sixth  month  of  development  pour  out  upon 
the  surface  of  the  body  a  white  fatty  secretion  known  as 
the  vernix  caseosa. 

During  parturition  the  amnion,  as  a  rule,  ruptures  as  the 
result  of  the  contraction  of  the  uterine  walls  and  the  liquor 
amnii  escape  as  the  "waters,"  a  phenomenon  which  nor- 
mally precedes  the  delivery  of  the  child.  As  a  rule,  the  rup- 
ture is  sufficiently  extensive  to  allow  the  passage  of  the  child. 
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the  amnion  remaining  behind  in  the  uterus,  to  be  subse- 
quently expelled  along  with  the  deciduae. 

Occasionally  it  happens,  however,  that  the  amnion  is  suffi- 
ciently strong  to  withstand  the  pressure  exerted  upon  it  by 
the  uterine  contractions  and  the  child  is  born  still  enveloped 
in  the  amnion,  which,  in  such  cases,  is  popularly  known  as 
the  "  caul,"  the  possession  of  which,  according  to  an  old  super- 
stition, marks  the  child  as  a  favorite  of  fortune. 

As  stated  above,  the  liquor  amnii  varies  considerably  in 
amount  in  different  cases,  and  occasionally  it  may  be  present 
in  excessive  quantities,  producing  a  condition  known  as 
hydramnios.  On  the  other  hand,  the  amount  may  fall  con- 
siderably below  the  normal,  in  which  case  the  amnion  may 
form  abnormal  unions  with  the  embryo,  sometimes  producing 
malformations.  Occasionally  also  bands  of  a  fibrous  char- 
acter traverse  the  amniotic  cavity  and,  tightening  upon  the 
embryo  during  its  growth,  may  produce  various  malformations, 
such  as  scars,  splitting  of  the  eyelids  or  lips,  or  even  amputa- 
tion of  a  limb. 

The  Yolk-sac. — The  development  of  the  yolk-sac  in  the 
human  embryo,  its  differentiation  into  yolk-stalk  and  yolk- 
vesicle,  and  its  enclosure  within  the  umbilical  cord  have 
already  been  described.  When  these  changes  have  been 
completed,  the  vesicle  is  a  small  pyriform  structure  lying 
between  the  amnion  and  the  chorionic  mesoderm,  some  dis- 
tance away  from  the  extremity  of  the  umbilical  cord  (Fig. 
63,  D),  and  the  stalk  is  a  long  slender  column  of  cells  ex- 
tending from  the  vesicle  through  the  umbilical  cord  to  unite 
with  the  intestinal  tract  of  the  embryo.  The  vesicle  persists 
until  birth  and  may  be  found  among  the  decidual  tissues  as 
a  small  sac  measuring  from  3  to  10  mm.  in  its  longest  diam- 
eter. The  stalk,  however,  early  undergoes  degeneration, 
the  lumen  which  it  at  first  contains  becoming  obliterated 
and  its  endoderm  also  disappearing  as  early  as  the  end  of 
the  second  month  of  development.  The  portion  of  the  stalk 
which  extends  from  the  umbilicus  to  the  intestine  usually 
shares  in  the  degeneration  and  disappears,  but  in  about  3 
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per  cent,  of  cases  it  persists,  forming  a  more  or  less  exten- 
sive diverticulum  of  the  lower  part  of  the  small  intestine, 
sometimes  only  half  an  inch  or  so  in  length  and  sometimes 
much  larger.  It  may  or  may  not  retain  connection  with 
the  abdominal  wall  at  the  umbilicus,  and  is  known  as  Meckel's 
divertkulmn. 

This  embryonic  rudiment  is  of  no  little  importance,  since, 
when  present,  it  is  apt  to  undergo  invagination  into  the  lumen 
of  the  small  intestine  and  so  occlude  it.  How  frequently  this 
happens  relatively  to  the  occurrence  of  the  diverticulum  may 
be  judged  from  the  fact  that  out  of  one  hundred  cases  of  occlu- 
sion of  the  small  intestine  six  were  due  to  an  invagination  of 
the  diverticulum. 

In  the  reptiles  and  birds  the  yolk-sac  is  abundantly  sup- 
plied with  blood-vessels  by  means  of  which  the  absorption 
of  the  yolk  is  carried  on,  and  even  although  the  functional 
importance  of  the  yolk-sac  as  an  organ  of  nutrition  is  almost 
nil  in  the  human  embryo,  yet  it  still  retains  a  well-developed 
blood-supply,  the  walls  of  the  vesicle,  especially,  possessing 
a  rich  network  of  vessels.  The  future  history  of  these  ves- 
sels, which  are  known  as  the  omphalo-mcsenteric  vessels, 
will  be  described  later  on. 

The  AUantois  and  Belly-stalk. — It  has  been  seen  that  in 
reptilian  and  avian  embryos  the  allantois  reaches  a  high 
degree  of  development  and  functions  as  a  respiratory  and 
excretory  organ  by  coming  into  contact  with  what  is  com- 
parable to  the  chorion  of  the  mammalian  embryo.  In  man 
it  subserves  similar  functions,  but  is  very  much  modified 
both  in  its  mode  of  development  and  in  its  relations  to  other 
parts,  so  that  its  resemblance  to  the  avian  organ  is  some- 
what obscured.  The  differences  depend  partly  upon  the 
remarkable  abbreviation  manifested  in  the  early  develop- 
ment of  the  human  embryo  and  partly  upon  the  fact  that 
the  allantois  serves  to  place  the  embryo  in  relation  with  the 
maternal  blood,  instead  of  with  the  external  atmosphere, 
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as  is  Ihc  case  in  the  egg-laying  forms.     Thus,  the  endo- 
deniial  portion  of  the  allantois,  instead  of  arising  from  the  J 
intestine  and  pushing  before  it  a  layer  of  splanchnic  meso-  I 
derm  to  form  a  large  sac  lying  freely  in  the  extra-embryonic  j 
portion  of  the  body-cavity,  appears  in  the  lumian  embryo  I 
before  the  intestine  has  differentiated  from  the  yolk-sac  and   | 
pushes  its  way  into  the  solid  mass  of  mesoderm  which  forms 
the  belly-stalk   (Fig.  63.  A).     To  understand  the  signifi- 
cance of  this  process  it  is  necessary  to  recall  the  abbrevia-   , 
tion  in  the  human  embrj-o  of  the  development  of  the  extra- 
embryonic mesoderm  and  body-cavity.     Instead  of  grow-   ■ 
ing  out  from  the  embryonic  area,  as  it  does  in  the  lower  ' 
forms,  this  mesodenn  develops  in  silu  by  splitting  off  from  1 
the  layer  of  enveloping  cells  and,  furthennore,  the  extra- 
embryonic body-cavity   arises  by   ■ 
a  sphtting  of  the  mesoderm  so 
formed  before  there  is  any  trace 
of  a  splitting  of  the  embryonic 
mesoderm  (Figs. 36  and  35).   The 
belly-stalk,     whose     development 
from  a  portion  of  the  inner  cell- 
mass   has   already   been   traced 
(p.  70),  is  to  be  regarded  as  a 
portion  of  the  body  of  the  em- 
bryo, since  the  ectoderm  which 
covers  one  surface  of  it  resem- 
bles exactly  that  of  the  embry- 
onic disk  and  shows  an  exten- 
sion backward  of  the  nieduiiary  groove  upon  its  surface 
(Fig.  64).     The  mesoderm,  therefore,  of  the  belly-stalk  is 
to  be  regarded  as  a  portion  of  the  embryonic  mesoderm 
which  has  not  yet  undergone  a  splitting  into  somatic 
and  splanchnic  layers,  and,  indeed,  it  never  does  undergo 
such  a  splitting,  so  that  there  is  no  body-cavity  into 
which  the  endodermal  allantoic  diverticulum  can  grow. 
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Biit  this  does  not  account  for  all  the  peculiarities  of  the 
human  allantois.  In  the  birds,  and  indeed  in  the  lower 
oviparous  mammals,  the  endodermal  p<jrtion  of  the  allan- 
tois is  ei]ually  developed  with  the  mesodermal  portion,  the 
allantois  being  an  extensive  sac  whose  cavity  is  filled  with 
fluid,  and  this  is  also  true  of  such  mamnmls  as  the  marsu- 
pials, the  rabbit,  and  the  ruminants.  In  man,  however,  the 
endodermal  diverticulum  never  becomes  a  sac-like  structure, 
hut  is  a  slender  tube  exten<iing  from  the  intestine  to  the 
ciiorion  and  lying  in  the  substance  of  the  mesoderm  of  the 
helly-stalk  (Fig.  63,  D),  the  greater  portion  of  which  is 
to  l)e  regarded  as  homologous  with  the  relatively  thin  layer 
of  splanchnic  mesoderm  covering  the  endodermal  diverticu- 
lum of  the  chick.  An  explanation  of  this  disparity  in  the 
development  of  the  mes<xiermal  and  endodermal  portions 
of  the  human  allantois  is  perhaps  to  lie  found  in  the  altered 
conditions  under  which  the  respiration  and  secretion  take 
place.  In  all  forms,  the  lower  as  well  as  the  higher,  it  is 
the  mesoderm  which  is  the  more  imjKirtant  constituent  of 
the  allantois,  since  in  it  the  blood-vessels,  upon  whose  pres- 
ence the  ])hysiologicaI  functions  depend,  arise  and  are  em- 
bedded. In  the  birds  and  oviparous  mammals  there  are  no 
means  by  which  excreted  material  can  be  passed  to  the  exte- 
rior of  the  ovum,  and  it  is,  therefore,  stored  up  within  the 
cavity  of  the  allantois,  the  allantoic  fluid  containing  consici 
erable  (piantities  of  nitrogen,  indicating  the  presence  of 
urea.  In  the  higher  mammals  the  intimate  relations  which 
develop  between  the  chorion  and  the  uterine  walls  allow  of 
the  passage  of  excreted  fluids  into  the  maternal  blood :  and 
the  more  intimate  these  relations,  the  less  necessity  there 
is  for  an  allantoic  cavity  in  which  excreted  fluid  may  l)e 
stored  up.  The  difll'erence  in  the  development  of  the  cavity 
in  the  ruTuinants,  for  example,  antl  man  depends  probably 
upon  the  greater  inlimacy  of  the  union  between  ovum  and 
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Uterus  in  the  latter,  the  arrangement  for  the  passage  of 
tlic  excreted  material  into  the  maternal  blood  being  so  per- 
fect that  there  is  practically  no  need  for  the  development 
of  an  allantoic  cavity. 

The  portion  of  the  endodermal  diverticulum  which  is 
enclosed  within  the  umbilical  cord  persists  until  birth  in  a 
more  or  less  rudimentarv  conditi<in,  but  the  intra-embrvonic 
I)ortions  of  the  allantois  reach  a  greater  development,  the 
more  proximal  portions  acquiring  a  cavity  of  considerable 
extent  and  forming  the  urogenital  sinus  and  the  urinary 
bladder,  while  the  portion  intervening  Ix^twcen  the  apex  of 
the  bladder  and  the  umbilicus  becomes  converted  into  a 
solid  cord  of  fibrous  tissue  termed  the  untchus. 

Occasionally  a  lunu-n  persists  in  the  urachal  portion  of  the 
allant<iis  and  may  open  to  tlu-  cxtcri(^r  at  the  umbilicus,  in 
which  case  urine  from  the  bladder  may  escape  at  the  umbilicus. 

Since  the  allantois  in  the  human  embryo,  as  well  as  in 
the  lower  forms,  is  responsible  for  respiration  and  excre- 
tion, its  blood-vessels  are  well  developed.  They  are  repre- 
sented in  the  belly-stalk  by  two  veins  and  two  arteries  (Fig. 
64),  known  in  human  embryology  as  the  umbilical  vcius 
and  arteries,  which  extend  from  the  bodv  of  the  embrvo 
out  to  the  chorion,  there  branching  rei)eatedly  to  enter  the 
numerous  chorionic  villi  bv  which  the  enibrvonic  tissues  are 
placed  in  relatirm  with  the  maternal. 

The  Umbilical  Cord. — During  the  process  of  closing  in 
of  the  ventral  surface  of  the  embryo  a  stage  is  reached  in 
which  the  embryonic  an<l  extra-embryonic  portions  of  the 
Inxly-cavity  are  completely  separated  except  for  a  small 
area,  the  umbilicus,  through  which  the  yolk-stalk  passes 
out  (iMg.  63,  1>).  At  the  edges  of  this  area  in  front  and  at 
the  sides  the  embrvonic  ecto<lerni  and  somatic  mesoderm 
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l)econie  continuous  with  the  corres])onding  layers  of  the 
amnion,  but  posteriorly  the  line  of  attachment  of  the  am- 
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nion  passes  up  upon  the  sides  of  the  belly-stalk  (Fig.  63, 
B),  so  that  the  whole  of  the  ventral  surface  of  the  stalk 
is  entirely  uncovered  by  ectoderm,  this  layer  being  limited 
to  its  dorsal  surface  (Fig.  64).  In  subsequent  stages  the 
embryonic  ectoderm  and  somatic  mesoderm  at  the  edges 
of  the  umbilicus  grow  out  ventrally,  carrying  with  them 
the  line  of  attachment  of  the  amnion  and  forming  a  tube 
which  encloses  the  proximal  part  of  the  yolk-stalk.  The 
ectoderm  of  the  belly-stalk  at  the  same  time  extending  more 
laterally,  the  condition  represented  in  Fig.  63,  C,  is  pro- 
duced, and,  these  processes  continuing,  the  entire  belly- 
stalk,  together  with  the  yolk-stalk,  becomes  enclosed  within 
a  cylindrical  cord  extending  from  the  ventral  surface  of 
the  body  to  the  choricMi  and  forming  the  umbilical  cord 
(Fig.  63,  D). 

From  this  mode  of  development  it  is  evident  that  the 
cord  is,  strictly  speaking,  a  pc^rtion  of  the  embryo,  its  sur- 
faces being  completely  covered  by  embryonic  ectoderm,  the 
amnion  being  carried  during  its  formation  further  and 
further  from  the  umbilicus  until  finally  it  is  attached  around 
the  distal  extremity  of  the  cord. 

In  enclosing  the  yolk-stalk  the  umbilical  cord  encloses 
also  a  small  ix)rtion  of  what  was  originally  the  extra- 
embryonic body-cavity  surrounding  the  yolk-stalk.  A  sec- 
tion of  the  cord  in  an  early  stage  of  its  development  (Fig. 
65,  A)  will  show  a  thick  mass  of  mesoderm  occupying  its 
dorsal  region;  this  represents  the  mesoderm  of  the  belly - 
stalk  and  contains  the  allantois  and  the  umbilical  arteries 
and  vein  (the  two  veins  originally  present  in  the  belly-stalk 
having  fused),  while  toward  the  ventral  surface  there  will 
be  seen  a  distinct  cavity  in  which  lies  the  yolk-stalk  with  its 
accompanying  blood-vessels.  The  portion  of  this  ccelom 
nearest  the  body  of  the  embryo  becomes  much  enlarged,  and 
during  the  second  month  of  development  contains  some  coils 
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of  the  small  intestine,  but  later  the  entire  cavity  becomes 
more  and  more  encroached  upon  by  the  growth  of  the  meso- 
derm, and  at  about  the  fourth  month  is  entirely  obliterated. 
A  section  of  the  cord  subsequent  to  that  period  of  develop- 
ment will  show  a  solid  mass  of  mesoderm  in  which  are  em- 
bedded the  umbilical  arteries  and  vein,  the  allantois,  and  the 
rudiments  of  the  yolk-stalk  (Fig.  65,  B). 

When  fully  formed,  the  umbilical  cord  measures  on  the 
average  55  cm.  in  length,  though  it  varies  considerably  in 
different  cases,  and  has  a  diameter  of  alx)ut  1.5  cm.  It 
presents  the  appearance  of  being  spirally  twisted,  an  appear- 
ance largely  due,  however,  to  the  spiral  course  pursued  by 
the  umbilical  arteries,  though  the  entire  cord  may  undergo 
a  certain  amount  of  torsion  from  the  movements  of  the 
embryo  in  the  later  stages  of  development  and  may  even 
be  knotted.  The  greater  part  of  its  substance  is  formed  by 
the  mesoderm,  the  cells  of  which  become  stellate  and  form 
a  reticulum,  the  meshes  of  which  are  occupied  by  connec- 
tive-tissue fibrils  and  a  mucouj)  fluid  which  gives  to  the 
tissue  a  jelly-like  consistence,  whence  it  has  received  the 
name  of  IVharton's  jelly. 

The  Chorion. — To  understand  the  developmental  changes 
which  the  chorion  undergoes  it  will  be  of  advantage  to 
obtain  some  insight  into  the  manner  in  which  the  ovum 
becomes  implanted  in  the  wall  of  the  uterus.  Nothing  is 
known  as  to  how  this  implantation  is  effected  in  the  case 
of  the  human  ovum;  it  lias  already  l)een  accomplished  in 
the  youngest  ovum  at  present  known.  But  the  process  has 
been  observed  in  other  mammals,  and  what  takes  place  in 
Spermophilus,  for  example,  may  be  supi)osed  to  give  a  clue 
to  what  occurs  in  the  human  ovum.  In  the  spemiophile 
the  ovum  lies  free  in  the  uterine  cavity  up  to  a  stage  at 
which  the  vacuolization  of  the  central  cells  is  almost  com- 
pleted (Fig.  66,  A).     At  one  region  of  the  covering  layer 
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the  cells  Iwcome  thicker  and  later  fomi  a  syncyiial  iirojec- 
tion  or  knulj  whicti  cuines  into  contact  with  the  uterine 
mucosa  (Fig.  66,  B),  and  at  the  point  of  contact  the  mucosa 
cells  undergo  degeneration,  allowing  the  knob  to  come  into 
relation  with  the  deeper  tissues  of  the  uterus  (Fig.  66,  C), 
the  process  apparently  being  one  in  which  the  mucosa  cells 
are  eroded  by  the  syncytial  knob. 

It  seems  probable  that  in  llie  human  ovum  the  process  is 
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at  first  of  a  similar  nature  and  that  as  the  covering  layer 
cells  come  into  contact  with  the  deeper  layers  of  the  uterus, 
these  too  are  eroded,  and.  the  uterine  hlood-vessels  being 
included  in  the  erosion  process,  an  extravasation  of  blood 
plasma  and  corpuscles  occurs  in  the  vicinity  of  the  burrow- 
ing ovum.  In  the  meantime  the  ovum  has  increased  con- 
siderably in  size,  its  growth  in  these  early  stages  being 
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especiiilly  rapiit,  anil  llie  area  of  nuitacl  cnitseiniently  in- 
creases in  size,  entailing  conlinued  erosion  of  the  uterine 
mucosa.  At  the  same  time,  too,  the  uterine  tissues  sur- 
rounding the  ovum  grow  up  around  it,  forming  at  first  as 
it  were  a  circular  wall  (Fig.  67,  A),  an«I  eventually  com- 
pletely enclose  it.  forruing  an  envelope  known  as  the  decidua 
capsularis  or  rcHcxa.  The  blood  extravasation  is  now  con- 
tained within  a  clo,sed  space  bounded  on  the  one  hand  by 
the  uterine  tissues  and  on  the  other  by  the  wall  of  the 
ovum  (Fig.  67,  B). 

Over  either  the  whole  or  a  greater  portion  of  the  surface 
of  the  ovum  processes,  termed  choritimc  villi,  now  begin 
to  grow  out  from  the  chorion  into  the  surrounding  hkwjd 
space  (Fig.  67.  B).  simie  flcvating  freely  in  the  space,  while 
others  traverse  it  and  come  into  contact  by  their  extremities 
with  the  unaltered  uterine  tissues,  forming  what  are  termed 
Hxation  villi.  I^ter  ihe  portion  of  the  hUxid  space  bounded 
by  the  decidua  capsularis  disappears  and  with  it  the  villi 
from  the  corresponding  portion  of  the  chorion,  so  that  this 
latter  structure  becomes  differentiated  into  two  regions 
(Tig.  67,  C),  one  which  is  destitute  or  practically  so  of  villi, 
the  chorion  Itn-e,  and  one,  the  chorion  froitdostim,  corre- 
spiinding  to  the  attachment  of  the  belly-stalk,  provided  with 
them,  'ilie  hloixl  space  into  which  the  villi  project  is  usu- 
ally termed  the  intcn-illous  spucc. 

The  villi  are  at  first  irregularly  lobeil  processes,  formed 
by  a  solid  mass  of  ect<x]ernial  trophoderni  cells.  As  devel- 
opment proceeds  the  lolies  become  much  more  slender  and 
branch  so  that  each  villus  assumes  a  dendritic  form.  In 
the  meantime,  however,  processes  from  the  chorionic  meso- 
derm grow  out  into  each  villus,  extending  out  even  into  the 
terminal  branches  and  fomiing  a  central  core  in  which 
blo(jd- vessels  develop,  which  become  continuous  with  the 
umbilical  arteries  and  veins.     When  this  has  occurred,  the 


I 


THE    CHORIUNIC    VILLI.  1 29 

ectoderm  differentiates  into  two  layers,  a  superficial  one  in 
which  the  cell-boundaries  disappear  so  that  it  consists  of  a 
continuous  layer  of  protoplasm  in  which  numerous  nuclei 
are  emlwdded  (Fig.  6g,  A,  s)  and  which  is  termed  the 
syitcyliiim,  and  an  inner  one,  consisting  of  well-defined  cells 
arranged  in  a  single  layer  and  termed  the  Langhans 
cells  {k). 

It  may  he  stated  that  the  exact  significance  of  these  two 
layers  is  still  under  discussion,  some  authors  beheving  the 
Langhans  cells  to  be  mesodermal,  while  others,  admitting  that 


K;c,  68.— Two  Villi  fh-im    the  Chuhion  hf  an    KImi.rvo  <.f  7   mm. 

tliey  are  ectodermal,  maintain  the  view  that  the  syncytium  is 
really  maternal  tissue.  The  view  here  presented  is  most  in 
accord  with  the  more  recent  observations  (Minot,  Peters.  Mar- 
chand,  Rossi  Doria). 

As  development  proceeds  the  villi,  which  are  at  first  dis- 
tributed evenly  over  the  chorion  frondosum.  are  separated 
into  groups  termed  coiytfdims  (Fig.  70)  by  the  growth 
into  the  intervillous  space  of  trabecule  from  Uie  walls  oi 
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Im.;.   69.--Ti<a.nsvekse  Sections   tiiiiuu..h    Ch.imiiinil   Villi    in    (A) 

THE  Fifth  and  (B)  the  Seventh  Month  of  Development. 
ff.  Canalized  fibrin;  le,  Langlians  cells;  s,  syiicyliiitn. — (A  which  u 
mart  highly  magniSed  Ihan  B,  from  Ssymonowics;  B  from  Minal.) 
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tlie  uterus,  tlie  fixation  villi  becoming  connected  willi  these 
septa  as  well  as  with  the  general  uterine  wall.  The  ecto- 
derm of  the  villi  also  undergoes  certain  changes  with  ad- 
vancing growth,  the  layer  of  Langhans  cells  disapiiearing 
except  in  small  areas  scattered  irregidarly  in  the  villi,  and 
the  syncytium,  though  persisting,  undergoes  local  thicken- 
ings which  become  replaced,  more  or  less  extensively,  by 
depositions  of  fibrin  (Fig.  68,  B,  cf). 

The  changes  which  occur  during  the  later  stages  of  devel- 
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opment  in  the  chorion  are  very  similar  to  those  described 
for  the  villi.  Tims,  the  mesoderm  thickens,  its  outermost 
layers  becoming  exceedingly  fibrillar  in  structure,  while 
the  ectoderm  differentiates  into  two  layers,  the  outer  oi 
which  is  syncytial  while  the  inner  is  cellular,  and  later  still. 
as  in  the  villi,  the  syncytial  layer  is  replaced  in  irregular 
patches  by  a  peculiar  form  of  fibrin  which  is  traversed  by 
flattened  anastomosing  spaces  and  to  which  Minot  has  ap- 
plied the  name  canalized  Hbnn  (Fig.  7^ 


133  thf;  DKnm.i.'E. 

The  Deciduae. — In  foniiectinn  wiih  Hie  plienonieiioii  of  I 
menstruation  periodic  alterations  occur  in  the  nuictnis  mem- 
brane of  the  uterus.     If  during  one   of   these   periods  a 
fertilized  ovum  reaches  the  uterus,  the  desquamation  i 
portions  of  the  epithehum  does  not  occur  nor  is  there  anyi 


appreciable  hemorrhage  into  the  cavity  of  the  uterus;  the 
nteriue  mucosa  remains  in  what  is  practically  the  ante- 
menstrual    condition    tnitil    the    conclusion    of    pregnancy, 


THE   DECIDU«. 


133 


when,  after  the  birth  of  the  fetus,  a  considerable  portion  of 
its  thickness  is  expelled  from  the  uterus,  forming  what  is 
termed  the  dcciducc.  In  other  words,  the  sloughing  of  the 
uterine  tissue  which  concludes  the  process  of  menstruation 
is  postponed  until  the  close  of  pregnancy,  and  then  takes 
place  sinmltaneously  over  the  whole  extent  of  the  uterus. 
Of  course,  the  changes  in  the  uterine  tissues  are  somewhat 


Fig,  72, — Diagram  showing  the  Relations  of  the  Fetal  Membranes. 

Am,  Amnion;  Ch,  chorion;  M,  muscular  wall  of  uterus;  C,  decidua 

capsularis;  B,  decidua  basalis;   y,  decidua  vera;   V,  yolk-stalk. 


more  extensive  during  pregnancy  than  during  menstrua- 
tion, but  there  is  an  undoubted  fundamental  similarity  in 
the  changes  during  the  two  processes. 

Thehuman  ovum  comes  into  direct  apposition  with  only 
a  small  portion  of  the  uterine  wall,  and  the  changes  which 
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tliis  portion  (>f  the  wall  uiuiergoes  differ  somewhat  from 
those  occurring  elsewhere.  Consequenlly  it  Itecomes  pos- 
sible to  divide  the  decidure  into  (l)  a  portion  which  is  not 
in  direct  contact  with  the  t»viim,  the  dccidua  t'cra  (Fig. 
72.  /'')  and  (2)  a  pcjrtion  which  is.  The  latter  portion  is 
again  capable  of  division.  The  ovnm  liecnnies  completely 
cmlcdiled  in  the  mucosa,  liul,  as  has  been  iinintt'd  imt,  ihe 


I-"iG.  73.— SiiBFACE  View  "k  Half  of  the  Dei-idla  Veha  at  the  End 

«F  THE  TiiiKD  Week  (if  Gestatbin, 
d.  Mucous  membrane  of  ilic  Fallopian  tiilios ;  ds.  prolongalion  of  the 

vera  toward  the  cervix  uteri;  pf,  papillae;  rf,  marginal  furrow. — 

(Kollmann.) 

chorionic  villi  reach  their  full  (levclopment  only  over  that, 
portion  of  the  chorion  to  which  the  l>elly-stalk  is  attached. 
The  (lecidua  which  is  hi  relation  to  this  chorion  frondosuni 
undergoes  much  more  extensive  modifications  than  that  in 
relation  to  the  chorion  Ireve,  and  to  it  the  name  of  ieciiiuu 
btisiilis   ((/.Yfi/iiti  scn'liiKi)    {l"\g.  72.  B)    is  applied,  while 
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llie  rest  of  tlie  decidua  which  encloses  the  ovum  is  terme<J 
tlie  dccitlita  capsularis  (decidua  rfftexa)   (C). 

The  changes  which  give  rise  tn  the  dccidtia  vera  may 
first  be  described  and  those  occurring  in  the  others  consid- 
ered in  succession. 

(fl)  Decidua  vera. — On  opening  a 
uterus  during  the  fourth  or  fifth  month 
of  pregnancy,  when  the  decidua  vera 
is  at  the  height  of  its  development. 
the  surface  of  the  mucosa  presents  a 
corrugated  appearance  and  is  tra* 
versed  by  irregular  and  rather  deep 
grooves  (l"ig.  73).  This  appearance 
ceases  at  the  internal  orifice,  the  mu- 
cous membrane  of  the  cervix  uteri 
not  forming  a  decidua,  and  the  de- 
cidua; of  the  two  surfaces  of  the 
uterus  arc  separated  by  a  distinct 
furrow  known  as  the  marginal  grooi'c. 


NING 


'   FK.  74. — DiAi^-RAMMATu:   Seltions  of  the  Utebihe  Mi 

TBE      N0N-PkE(iNANT      UtEMOS,    AND      B,     AT      TH 

PtiEosAKcy. 
c,   Stratum   compactnm:   gl.   the   deepest   portions   of   the   glands;    m. 
muscular  layer;  sf,  stratum  spongiosum.— (K mi drj/  and  Engelma»H.) 

In  sections  the  nuicosa  is  found  to  have  liecome  greatly 

thickened,  frequently  measuring  i  cm.   in  thickness,  and 

its  glands  have  undergone  very  considerable  modification. 

.  Nonnally  almost  straight  (Fig.  74,  A),  they  increase  in 
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IcDf^th,  not  riiily  keeping"  pace  with  the  thickening  of  the 
mucosa,  InU  surpassing  its  growth,  so  that  they  become  very 
much  contorted  and  are,  in  adcHtion,  considerably  dilated 
n^g.  74,  Bj.  Near  their  mouths  they  are  dilated,  but  not 
very  much  contorted,  while  lower  down  the  reverse  is  the 
aisc,  anrl  it  is  i>ossible  to  recognize  three  layers  in  the  de- 
cirlua,  f  I )  a  stratum  compactum  nearest  the  lumen  of  the 
uterus,  containing  the  straight  hut  dilated  portions  of  the 
glands;  (2)  a  stratum  spongiosum,  so  called  from  the  ap- 
I>earance  which  it  presents  in  sections  owing  to  the  dilated 
and  contrirted  portions  of  the  glands  being  cut  in  various 
planes;  and  (3)  next  the  muscular  coat  of  the  uterus  a  layer 
containing  the  contorted  but  not  dilated  extremities  of  the 
glands  is  found.  Only  in  the  last  layer  does  the  epithelium 
of  the  glands  retain  its  normal  columnar  form;  elsewhere 
the  cells,  separated  from  the  walls  of  the  glands,  become 
enlargc<l  and  irregular  in  shape  and  eventually  degenerate. 

In  addition  to  these  changes,  the  epithelium  of  the  mucosa 
disappears  completely  during  the  first  month  of  pregnancy, 
and  the  tissue  l)etween  the  glands  in  the  stratum  compactum 
l)ecomes  packed  with  large,  often  multinucleated  cells, 
which  are  termed  the  decidual  cells  and  are  probably  derived 
from  the  connective  tissue  cells  of  the  mucosa. 

After  the  end  of  the  fifth  month  the  increasing  size  of 
the  embrvo  and  its  membranes  exerts  a  certain  amount  of 
pressure  on  the  decidua.  and  it  begins  to  diminish  in  thick- 
ness. The  portions  of  the  glands  which  lie  in  the  stratum 
compactum  become  more  and  more  comi)resse(l  and  finally 
disappear,  while  in  the  s])()ngiosum  the  si)aces  become  much 
flattened  and  the  vascularity  of  the  whole  decidua,  at  first 
so  pronounced,  diminishes  greatly. 

{b)  Decidua  capsularis, — The  decidua  capsularis  has  also 
been  termed  the  decidua  rellexa,  on  the  sui)i)osition  that  it 
was  formed  as  a  fold  of  the  uterine  mucosa  reflected  over 
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the  ovum  after  this  had  attached  itself  to  the  uterine  wall. 
Since,  however,  the  attachment  of  the  ovum  is  to  be  re- 
garded as  a  process  of  burrowing  into  the  uterine  tissues 
(see  p.  126),  the  necessity  for  an  upgrowth  of  a  fold  is 
limited  to  an  elevation  of  the  uterine  tissues  in  the  neigb- 
Ijorhood  of  the  ovum  to  keep  pace  with  its  increasing  size. 
In  the  Peters"  ovum  (Fig.  75),  which  measured  i  mm.  in 


D,  Decidua;  E.U.,  aleriiic  cpillii-'Iiuiu;  SJi,  bluaJ-dot  closing  the  aper- 
ture left  by  ihe  sinking  of  the  ovum  into  the  uterine  mucosa. — 
{From  Strakl,  after  Peters.) 


diameter,  the  capsularis  was  not  quite  complete,  a  small 
area  at  one  pole  of  the  ovum  being  yet  unenclosed  by  it 
and  covered  only  by  a  patch  of  coagulated  blood.  But  in 
a  somewhat  older  ovum  described  by  Rossi  Doria.  whose 
cavity  measured  6X5  mm.   in  diameter,  the  capsularis. 
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formed  a  complete  investment.     Since  it  is  part  of  the  area  | 
of  contact  with  the  ovimi  it  possesses  no  epithelium  upon  I 
the  surface  turned  toward  the  ovum,  although  in  the  earliei'  I 
stages  its  surface  is  covered  by  an  epithelium  continuous 
with  that  of  the  decidua  vera,  and  between  it  and  the  chorion 
there  is  a  portion  of  the  blood  extravasation  in  which  the 
villi  formed  from  the  chorion  l3?ve  float.     Glands  and  blood- 
vessels  al.so   occur   in    its    walls   in    the   earlier   stages    of  | 
development. 

As  the  ovum  continues  to  increase  in  size  ibe  capsularis  1 
begins  to  show  signs  of  degeneration,  these  appearing  first  I 
over  the  pole  of  the  ovum  opposite  the  point  of  fixation,  f 
Here,  even  in  the  case  described  by  Rossi  Doria,  it  has  J 
become  reduced  to  a  thin  membrane  destitute  of  either"! 
blood-vessels  or  glands,  and  the  degeneration  gradually  1 
extends  throughout  the  entire  capsule,  the  blood  space  which  n 
it  encloses  also  disappearing.  At  about  the  fifth  month  the.l 
growth  of  the  ovum  has  brought  ihe  capsularis  in  contact  I 
throughout  its  whole  extent  with  the  vera,  and  it  then  ap-l 
pears  as  a  whitish  transparent  membrane  with  no  trace  o(J 
either  glands  or  blood-vessels,  and  very  possibly  it  eventu-  1 
ally  degenerates  completely  and  disappears  (Minot). 

(c)  Dcddiia  basalts. — The  structure  of  the  decidua  ba-' 
salis,  also  known  as  the  decidua  serotina,  is  practically  the  \ 
same  as  that  of  the  vera  up  to  about  the  fifth  month.     It  j 
differs  only  in  that,  being  part  of  the  area  of  contact  of  the  j 
ovum,  it  loses  its  epithelium  much  earlier  and  is  also  the  j 
scat  of  extensive  blood  extravasations,  due  to  the  erosion  ' 
of   its   vessels  by  the  chorionic   trophodemi.     Its   glands,   | 
however,  undergo  the  same  changes  as  those  of  the  vera, 
so  that  in  it  also  a  compaclum  and  a  spongiosum  may  be 
recognized.     Beyond  the  fifth  month,  however,  there  is  i 
great  difference  between  it  and  the  vera,  in  that,  being  con- 
cemetl  with  the  nutrition  of  the  embryo,  it  does  not  partake 
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of  the  degeneration  noticeable  in  the  other  deciduae,  but 
persists  until  birth,  forming  a  part  of  the  structure  termed 
the  placenta. 

The  Placenta. — This  organ,  which  forms  the  connection 
between  the  embryo  and  the  maternal  tissues,  is  composed 
of  two  parts,  separated  by  the  intervillous  space.  One  of 
these  parts  is  of  embryonic  origin,  being  the  chorion  fron- 
dosum,  while  the  other  belongs  to  the  maternal  tissues  and 
is  the  decidua  basalis.  Hence  the  terms  placenta  fetalis 
and  placenta  uterina  frequently  applied  to  the  two  parts. 
The  fully  formed  placenta  is  a  more  or  less  discoidal  struc- 
ture, convex  on  the  surface  next  the  uterine  muscularis  and 
concave  on  that  turned  toward  the  embryo,  the  umbilical 
cord  being  continuous  with  it  near  the  center  of  the  latter 
surface.  It  averages  about  3.5  cm.  in  tliickness,  thinning 
out  somewhat  toward  the  edges,  and  has  a  diameter  of  15 
to  20  cm.,  and  a  weight  varying  between  500  and  1250 
grams.  It  is  situated  on  one  of  the  surfaces  of  the  uterus, 
the  posterior  more  frequently  than  the  anterior,  and  usually 
much  nearer  the  fundus  than  the  internal  orifice.  It  devel- 
ops, in  fact,  wherever  the  ovum  happens  to  become  attached 
to  the  uterine  walls,  and  occasionally  this  attachment  is  not 
accomplished  until  the  ovum  has  descended  nearly  to  the 
internal  orifice,  in  which  case  the  placenta  may  completely 
close  this  opening  and  form  what  is  termed  a  placenta 
prcpvia. 

If  a  section  of  a  placenta  in  a  somewhat  advanced  stage 
of  development  be  made,  the  following  structures  may  be 
distinguished :  On  the  inner  surface  there  will  be  a  delicate 
layer  representing  the  amnion  (Fig.  76,  Am),  and  next  to 
this  a  somewhat  thicker  one  which  is  the  chorion  (Cho), 
in  which  the  degenerative  changes  already  mentioned  may 
be  observed.  Succeeding  this  comes  a  much  broader  area 
composed  of  the  large  intervillous  blood  space  in  which  lie 
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sections  of  the  villi  (vi)  cut  in  various  directions,  Then 
follows  the  stratum  conipactuiii  of  the  basaiis,  next  the 
stratum  spongiosum,  next  the  outermost  layer  of  the  mucosa 
(D"J,  in  which  the  uterine  glands  retain  their  epithelium, 
and,  finally,  the  miiscularis  uteri  (Mc). 

These  various  structures  which  enter  into  the  composi- 
tion of  the  placenta  have,  for  the  most  part,  been  already 
described,  and  it  remains  here  only  to  say  a  few  words  con- 
cerning the  special  structure  of  the  basal  compactum  and 
concerning  the  origin  of  the  intervillous  space  and  its  rela- 
tions to  the  villi  and  the  maternal  vessels. 

From  the  surface  of  the  compactum  processes  arise, 
t'eniierl  sepia,  which  project  into  the  intervillous  space, 
grouping  the  villi  into  cotyledons  and  giving  attachment  to 
some  of  the  fixation  villi  (Fig.  76).  Throughout  the 
greater  extent  of  ihe  placenta  the  septa  do  not  reach  the 
surface  of  the  chorion,  but  at  the  periphery,  throughout  a 
narrow  zone,  they  do  come  into  contact  with  the  chorion 
and  unite  beneath  it  to  form  a  membrane  which  has  been 
termed  the  closing  plate.  Beneath  this  lies  the  peripheral 
portion  of  the  intervillous  space,  which,  owing  to  the  ar- 
rangement of  the  septa  in  this  region,  appears  to  be  imper- 
fectly separated  from  the  rest  of  the  space  and  forms  what 
is  termed  the  marginal  sims  (Fig.  yj). 

The  probable  origin  of  the  intervillous  space  by  the  effu- 
sion of  blood  from  the  maternal  vessels  throughout  the 
area  of  contact  with  the  ovum  has  already  been  described, 
and  if  this  be  the  true  method  of  its  development,  then  it  is 
evident  that  the  fetal  villi  are  in  direct  contact  with  the 
maternal  blood  contained  in  the  space.     The  uterine  vessels 


Fig.  76. — Section 


r  Months'  Develop- 


Placenta  0 
D,  layer  of  deeidua  containing  the  uterine 


Am,  Amnion;  cho,  choi. .  _,  ._^,.  _.  . 

glands:    Mc.   muscular   coat   of   tiie   uterus;    fe,   tnatcmal 
TC»el;  yi,  stalk  of  a  yiJIus;  vi,  villi  in  section.— (if mo f.) 
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become  very  much  enlarged  during  pregnancy  and  those  of 
the  basalis  communicate  freely  with  the  intervillous  space, 
so  that  a  free  circulation  of  the  maternal  blood  through  the 
space  occurs.  The  villi  being  completely  immersed  in  this 
constantly  renewed  blood,  an  osmotic  interchange  takes 
place  between  the  maternal  blood  of  the  space  and  the  fetal 
blood  contained  in  the  vessels  of  the  villi,  the  maternal  blood 
transmitting  the  nutritive  materials  necessary  for  the  growth 
of  the  embryo  and  receiving  the  waste  products  of  the  fetal 
metabolism.  And  it  is  only  in  this  manner  that  the  nutri- 
tion of  the  embryo  can  take  place,  since  nowhere  is  there 
a  direct  communication  of  the  two  vascular  svstems. 

It  has  been  maintained  by  many  authors  that  the  inter- 
villous space  is  lined  throughout  by  a  layer  of  cells  continuous 
with  the  endothelium  of  the  maternal  vessels,  so  that  the  fetal 
blood  is  separated  from  the  maternal,  not  only  by  the  fetal 
tissues  of  the  villi,  but  also  by  a  layer  of  maternal  tissue  (com- 
pare what  is  said  in  the  small  print  on  page  129  concerning 
the  homologies  of  the  ectodermal  layers  of  the  villi).  The 
presence  of  such  a  layer  is  certainly  what  might  be  expected, 
since,  as  Oscar  Hertwig  has  well  expressed  it,  "  the  employ- 
ment of  spaces  lying  outside  the  blood-courses  as  component 
parts  of  the  vascular  system  would  be  a  phenomenon  without 
analogy."  It  is  to  be  noted  that  the  arteries  and  veins  of  the 
decidua  basalis  do  not  communicate  by  means  of  capillaries, 
but  by  the  intervillous  space,  and  this  has  given  rise  to  the 
theory  that  the  space  is  to  be  regarded  as  an  enormously  en- 
larged capillary,  in  which  case  it  should  be  lined  throughout 
by  maternal  endothelium.  Recent  observations  on  the  lower 
mammals,  especially  the  rodents  (rabbits,  guinea-pig,  etc.), 
seem  to  show,  however,  that  the  space  owes  its  origin  to  a  true 
effusion  of  maternal  blood,  and  the  evidence  furnished  by 
Peters,  van  Heukelom  and  Rossi  Doria  from  the  study  of  its 
formation  in  very  early  human  embryos  indicates  its  origin 
in  the  human  placenta  in  the  manner  described  above. 

But  although  it  seems  certain  that  the  maternal  blood  con- 
tained in  the  intervillous  space  is  not  separated  by  maternal 
epithelium  from  the  villi,  nevertheless  it  is  probable  that  in 
later  stages  the  space  is  enclosed  by  epithelium.  On  the  fetal 
side  it  is,  of  course,  lined  by  the  chorionic  ectoderm  and  on 
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the  maternal  side  either  by  endothelium  which  has  extended 
out  over  the  matema!  tissues  from  the  vessels  which  commu- 
nicate with  the  space  or  partly  tlins  and  partly  by  the  spread- 
ing out  of  the  syncytium  of  the  fixation  villi  over  the  maternal 
surface   (Rossi  Doria). 

The  erosion  of  the  maternal  tissues  by  the  chorionic  sj-ncy- 
tium,  both  during  the  implantation  of  the  ovum  and  the  fonna- 
tion  of  the  placenta,  is  a  most  striking  plitnomenon  and  can 
hardly  fail  to  suggest  a  comparison  of  the  ovum  to  a  parasite 
sending  its  destructive  rootlets  or  haustoria  down  into  the  tis- 
sues of  its  host,  thereby  securing  for  itself  additional  possi- 
bilities for  nutrition.  Indeed,  this  idea  has  led  to  a  suggestion 
by  Rossi  Doria  that  the  formation  of  the  placenta  is  a  struggle 
between  the  parasite  and  the  maternal  tissues,  the  decidual  cells 
of  the  latter,  massing  beneath  the  intervillous  space  to  form 
what  has  been  termed  the  ba.ja!  plate,  constituting  a  line  of 
resistance  to  the  continued  encroachments  of  the  syncytium. 

The  Separation  of  the  DeciducC  at  Birth. — At  parturi- 
tion, after  the  rupture  of  the  anmitm  and  the  expulsion  of 
the  fetus,  there  still  remains  in  the  uterine  cavity  the  decidua? 
and  the  amnion,  which  is  in  contact  but  not  fused  with  the 
deciduie.  A  continuance  of  the  uterine  contractions,  pro- 
ducing what  are  termed  the  "  after-pains,"  results  in  the 
separation  of  the  placenta  from  the  uterine  walls,  the  separa- 
tion taking  place  in  the  deep  layers  of  the  spongiosum,  so 
that  the  portion  of  the  mucosum  which  contains  the  unde- 
generated  glands  remains  behind.  As  soon  as  the  placenta 
has  separated,  the  sejiaration  of  the  decidua  vera  takes  place 
gradually  though  rapidly,  the  line  of  separation  again  being 
in  the  deeper  layers  of  the  stratum  spongiosum,  and  the 
whole  of  the  decidua;.  together  with  the  amnion,  is  expelled 
from  the  uterus,  forming  what  is  known  as  the  "  after- 
birth." 

Hemorrhage  from  the  uterine  vessels  during  and  after 
the  separation  of  the  deciduns  is  prevented  by  ihe  contrac- 
tions of  the  uterine  walls,  assisted,  according  to  some  au- 
thors, by  a  preliminary  blocking  of  the  mouths  of  the  uter- 
ine vessels  by  certain  large  polynuclear  decidual  cells  found 
during  the  later  months  of  pregnancy  in  the  outer  layers 
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fc»of  the  (lecidua  basalis.  The  regeneration  of  the  uterine 
^*mucosa  after  parturition  has  its  starting-point  from  the 
J  *epitheHuiTi  of  the  undegenerated  glands  which  persist,  this 
epithehum  rapidly  evolving  a  complete  mucosa  over  the 
h'  entire  surface  of  the  uterus. 
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PART    II. 


ORGANOGENY. 


CHAPTER    VI. 

THE  DEVELOPMENT  OF  THE  INTEGUMENTARY 

SYSTEM. 

The  Development  of  the  Skin. — The  skin  is  composed 
of  two  embryologically  distinct  portions,  the  outer  epidermal 
layer  being  developed  from  the  ectoderm,  while  the  dermal 
layer  is  mesenchymatous  in  its  origin. 

The  ectoderm  covering  the  general  surface  of  the  body 
is,  in  the  earliest  stages  of  development,  a  single  layer  of 
cells,  but  at  the  end  of  the  first  month  it  is  composed  of  two 
layers,  an  outer  one,  the  epitrichhim,  consisting  of  slightly 
flattened  cells,  and  a  lower  one  whose  cells  are  larger  and 
which  will  give  rise  to  the  epidermis  (Fig.  78,  A).  During 
the  second  month  the  differences  between  the  two  layers 
become  more  pronounced,  the  epitrichial  cells  assuming  a 
characteristic  domed  form  and  becoming  vesicular  in  struc- 
ture (Fig.  78,  B).  These  cells  persist  until  about  the  sixth 
month  of  development,  but  after  that  they  are  cast  off,  and, 
becoming  mixed  with  the  secretion  of  sebaceous  glands 
which  have  appeared  by  this  time,  form  a  constituent  of  the 
vernix  caseosa. 

In  the  meantime  changes  have  been  taking  place  in  the 
epidermal  layer  which  result  in  its  becoming  several  layers 
thick  (Fig.  78,  B),  the  innermost  layer  being  composed  of 
cells  rich  in  protoplasm  while  those  of  the  outer  layers  are 
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verted  principally  into  fibrous  con- 
nective tissue,  the  outer  layers  of 
which  are  relatively  compact,  while 
the  deeper  ones  are  looser,  forming 
the  subcutaneous  areolar  tissue.  Some 
of  the  mesenchymal  cells,  however, 
become  converted  into  non-striated 
muscle-fibers,  which  for  the  most  part 
are  few  in  number  and  associated 
with  the  hair  follicles,  though  in  cer- 
tain regions,  such  as  the  skin  of  the 
scrotum,  they  are  very  numerous  and 
form  a  distinct  layer  known  as  the 
dartos.  Some  cells  also  arrange  them- 
selves in  groups  and  undergo  a  fatty 
degeneration,  well-defined  masses  of 
adipose  tissue  embedded  in  the  lower 
layers  of  the  dermis  being  thus 
formed  at  about  the  sixth  month. 

Although  the  dermal  mesenchyme  is 
unsegmental  in  character,  yet  the  nerves 
which  send  branches  to  it  are  segmental, 
and  it  might  be  expected  that  indica- 
tions of  this  condition  would  be  retained 
by  the  cutaneous  nerves  even  in  the 
adult.  A  study  of  the  cutaneous  nerve- 
supply  in  the  adult  realizes  to  a  very 
considerable  extent  this  expectation,  the 
areas  supplied  by  the  various  nerves 
forming  more  or  less  distinct  zones, 
and  being  therefore  segmental  (Fig. 
79).  But  a  considerable  commingling 
of  adjacent  areas  has  also  occurred. 
Thus,    while    the    distribution    of    the 

Fig.  79. — Diagram  showing  the  Cutaneous 
Distribution  of  the  Spinal  Nerves. — 
{Head,) 
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cutaneous  branches  of  the  fourth  thoracic  nerve,  as  determined 
experimentally  in  the  monkey  (Ma^acus),  is  distinctly  zonal 
or  segmental,  the  nipple  lying  practically  in  the  middle  line 
of  the  zone,  the  upfier  half  of  its  area  is  also  supplied  or  over- 
lapped by  fibers  of  the  third  nerve  and  the  lower  half  by  &bcrs 
of  the  fifth  (Fig.  80),  so  that  any  area  of  skin  in  the  zone  is 
innervate*!  by  fibers  coming  from  at  least  two  segmental  nerves 
(Sherrington).  .\nd,  furthermore,  the  distribution  of  each 
nerve  crosses  the  mid-ventral  line  of  the  body,  forming  a  more 
or  less  extensive  crossed  overlap. 

And  not  only  is  there  a  confusion  nt  adjacent  areas  but  an 
I  may  shift  its  p',vrtii.ti  rdalivdy  (o  Ihe  deeper  structures 


supplied  by  the  same  nerve,  so  that  the  skin  over  a  certain  1 
muscle  is  not  necessarily  supplied  by  fibers  from  the  nerve    ' 
which  supplies  the  muscle.     Thus,  in  the  lower  half  of  the 
alnlonicn,  the  skin  at  any  point  will  be  supplied  by  fibers  from 
hicher  nerves  than  those  supplying  the  underlying  muscles   I 
(S»trrington).  and  the  skin  of  the  limbs  may  receive  twigs   ^ 
ft\w*  m'rvi'S  which  are  not  represented  at  all  in  the  muscle- 
•«f«s)\   utvond  and  third  thoracic  and  third  sacral). 

"n*  Development  of  the  Nails. — The  earliest  indica-  I 
...,.^   ,.  ,!,^.  ,l^YcU>imicnt  of  ll'e  nails  have  been  described  by  | 
.....    .  .  \-ml\ryos  of  alxMit  nine  weeks  as  slight  thicken-  1 

.,  >.>'i.t*'niii<  of  the  tips  of  the  digits,  these  thick- 
iU'd  from  the  neighboring  tissue  by  a 
I  the  nail  areas  migrate  to  the  dorsal 
■iii.a  phalanges  (Fig.  8r)  and  the  grooves 
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surrounding  tlie  areas  deepen,  especially  at  their  proximal 
edges,  where  they  form  the  nail-folds  (.nf),  while  distally 
thickenings  of  the  epidermis  occur  to  form  what  have  been 
termed  sole-plates  (sp),  structures  quite  rudimentary  in 
man,  but  largely  developed  in  the  lower  animals,  in  which 
they  form  a  considerable  portion  of  the  claws. 

The  nctiinl  nail  snb'^tnnrc  doe?;  n'"'t  form,  however,  until 


the  embryo  has  reached  a  length  of  about  17  cm.  By  this 
time  the  epidermis  has  become  several  layers  thick  and  its 
onteT  layers,  over  the  nail  areas  as  well  as  elsewhere,  have 
bcome  trans fomied  into  the  stratum  corneum  (Fig.  82,  sc). 
and  it  is  in  the  deep  layers  of  this  (the  slmtttm  lucidwn) 
that  keratin  granules  develop  in  cells  which  degenerate  to 
give  rise  to  the  nail  substance  (»).  At  its  first  formation, 
accordingly,  the  nail  is  covered  by  the  outer  layers  of  the 
stratum  corneum  as  well  as  by  the  epitrichium,  the  two 
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together  forming  what  lias  been  termed  the  efionychium 
(Fig.  82,  c/t).  The  epitrichium  soon  disapijears,  however, 
leaving  only  the  outer  layers  of  the 
stratum  conieum  as  a  covering,  and 
this  also  later  disappears  with  the 
exception  of  a  narrow  band  sur- 
rounding the  base  of  the  nail  which 
persists  as  the  pcrionyx. 

The  formation  of  the  nail  begins 
in  the  more  proximal  portion  of  the 
nail  area  and  its  further  growth  is 
by  the  addition  of  new  keratinized 
cells  to  its  proximal  edge  and  lower 
surface,  these  cells  being  formed 
only  in  the  proximal  part  of  the  nail 
bed  in  a  region  marked  by  its  whit- 
ish color  and  termed  the  lunula. 

The  first  appearance  of  tlic  nail-areas 
at  the  tips  of  the  dibits  as  described 
by  Zander  has  not  yet  been  confirmed 
by  later  observers,  but  the  niigration 
of  the  areas  to  the  dorsal  surface  iieets- 
sitatcd  by  such  a  location  of  die  primary 
differentiation  affords  an  explanation 
of  the  otherwise  anonialons  cutancons 
nerve-supply  of  the  nail-areas  in  the 
adult,  this  being  from  the  palmar 
(plantar)   nerves. 

The  Development  of  the  Hairs. 
— The  hairs  begin  to  develop  at 
about  the  thir<l  month  and  continue  1' 
to  he  formed  during  the  remaining 
portions  of  fetal  life.  They  arise  as 
solid  cylindrical  downgrowtlis.  pro- 
jecting ohlicpiely  into  the  subjacent 
dermis  from  the  lower  surface  of 
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tlie  cpiiiennis.  As  these  downgrowths  continue  to  elon- 
gate, they  assume  a  somewhat  club-shaped  form  (F\g. 
83),  and  later  the  extremity  of  each  club  moulds  itself 
over  the  summit  o(  a  small  papilla  which  develops  from 
the  dermis  (Fig.  83),  Even  before  the  dermal  papilla 
has  made  its  appearance,  however,  a  differentiation  of 


l-ic.  8.1,-The  De^-eli.pmbnt  of  a  Maih. 
f,  Cylindrical  cells  of  stratum  niucosuiti;  hf,  wall  of  hair  {ollide;  m, 
mesoderm;  (nil,  stratum  tnucosiim  of  epidermis:  p,  hair  papilla;  r, 
root  of  hair;  s,  sebaceous  g\and.^ (.Kollmann.) 

the  cells  of  the  downgrowth  becomes  evident,  the  cen- 
tral cells  becoming  at  first  spindle-shaped  and  then  un- 
dergoing a  keratinization  to  form  the  hair  shaft,  while 
the  more  peripheral  ones  assume  a  cuboidal  form  and 
constitute  the  lining  of  the  hair  follicle.     The  further 
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growth  of  the  hair  takes  place  by  the  addition  to  its 
basal  portion  of  new  keratinized  cells,  probably  produced 
by  the  multiplication  of  the  epidermal  cells  which  en- 
velop the  papilla. 

From  the  cells  which  form  the  lining  of  each  follicle  an 
outgrowth  takes  place  into  the  surrounding  dermis  to  form 
a  sebaceous  gland,  which  is  at  first  solid  and  club-shaped, 
though  later  it  becomes  lobed.  The  central  cells  of  the  out- 
growth separate  from  the  peripheral  and  from  one  another, 
and,  their  protoplasm  undergoing  a  fatty  degeneration,  they 
finally  pass  out  into  the  space  between  the  follicle  walls  and 
the  hair  and  so  reach  the  surface,  the  peripheral  cells  later 
giving  rise  by  division  to  new  generations  of  central  cells. 
During  fetal  life  the  fatty  material  thus  poured  out  upon 
the  surface  of  the  body  becomes  mingled  with  the  cast-off 
epitrichial  cells  and  constitutes  the  white  oleaginous  sub- 
stance, the  vcniix  cascosa,  which  covers  the  surface  of  the 
new-born  child.  The  muscles,  arrcctorcs  pilorum,  connected 
with  the  hair  follicles  arise  from  the  mesenchyme  cells  of 
the  surrounding  dermis. 

The  first  growth  of  hairs  forms  a  dense  covering  over  the 
entire  surface  of  the  fetus,  the  hairs  which  compose  it  being 
exceedingly  fine  and  silky  and  constituting  what  is  termed 
the  lanugo.  This  grow  tli  is  cast  ofi  soon  after  birth,  except 
over  the  face,  where  it  is  hardly  noticeable  on  account  of  its 
extreme  fineness  and  lack  of  coloration.  The  coarser  hairs 
which  replace  it  in  certain  regions  of  the  body  probably 
arise  from  new  follicles,  since  the  formation  of  follicles 
takes  place  throughout  the  later  periods  of  fetal  life  and 
possibly  after  birth.  lUit  even  these  later  formed  hairs  do 
not  individually  persist  for  any  great  length  of  time,  but 
are  continually  being  shed,  new  or  secondary  hairs  normally 
developing  in  their  places.  T\\q  shedding  of  a  hair  is  pre- 
ceded by  a  cessation  of  the  proliferation  of  the  cells  cover- 
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hig  the  demial  papilla  and  by  a  shrinkage  of  the  papilla, 
whereby  it  becomes  detached  from  tlie  hair,  and  the  replac- 
ing hair  arises  from  a  papilla  which  is  probably  budded 
off  from  the  older  one  before  its  degeneration  and  carries 
with  it  a  cap  of  epidennal  cells. 

It  is  uncertain  whether 
the  cases  of  excessive  de- 
velopment of  hair  over  the 
face  and  upper  part  of  the 
body  which  occasionally  oc- 
cur are  due  to  an  excessive 
development  of  the  later 
hair  follicles  (hypertricho- 
sis) or  to  a  persistence  and 
continued  growth  of  the 
lanugo. 

The  Development 
of  the  Sudoriparous 
Glands. — The  sudoripar- 
ous glands  arise  during 
the  fifth  month  as  solid 
cylindrical  outgrowths  from  tlie  primary  ridges  of  the  epi- 
dermis (Fig.  84),  and  at  first  project  vertically  downward 
into  the  subjacent  dermis.  Later,  however,  the  lower  end 
of  each  downgrowth  is  thrown  into  coils,  and  at  the  same 
time  a  lumen  appears  in  the  center.  Since,  however,  the 
cylinders  are  formed  from  the  deeper  layers  of  the  epider- 
mis, their  luniina  do  not  at  first  open  upon  the  surface,  but 
gradually  approach  it  as  the  cells  of  the  deeper  layers  of  the 
epidermis  replace  those  which  are  continually  being  cast  off 
from  the  surface  of  the  stratum  corneum.  The  final  open- 
ing to  the  surface  occurs  during  the  seventh  month  of 
development. 

The  Development  of  the  Mammary  Glands.^In  the 
majority  of  the  lower  mammals  a  number  of  mammary 
glands  occur,  arranged  in  two  longitudinal  rows,  and  it  has 
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Ijeeii  oljserved  that  in  tlie  pig  the  first  indication  of  their  " 
lievelnpmeiit  is  seen  in  a  thickening  of  the  epidermis  along 
a  line  situated  at  the  junction  of  the  abdominal  walls  with 
the  membrana  reuniens  (Schulze).  This  thickening  subse- 
quently becomes  a  pronounced  ridge,  the  milk  ridge,  from 
which,  at  certain  points,  the  mammary  glands  develop,  the 
ridge  disappearing  in 
the  inter\*als.  In  a 
hnman  embryo  4  mm. 
in  length  an  epidermal 
thickening  has  been  ob- 
served which  extended 
from  just  below  the 
axilla  to  the  inguinal 
region  (h'ig.  85)  and 
was  apparently  equiva-  , 
lent  to  the  milk  line  of 
the  pig,  and  in  em- 
bryos of  14  or  15  mm. 
the  upper  end  of  the 
line  had  t;)ecnme  a  pro- 
nmmced  riilge,  while 
more  posteriorly  the  thickening  had  dis;ip]Teareil. 

The  further  history  of  the  ridge  has  not.  however,  been 
yet  traced  in  human  embryos,  and  the  next  stage  of  the 
development  of  the  glands  which  has  been  observed  is  one 
in  which  they  are  represented  by  a  circular  thickening  of 
the  epidermis  which  projects  downward  into  the  dermis 
(Fig.  86,  A).  Later  the  thickening  becomes  lobcd  (Fig. 
86,  B),  and  its  superficial  and  central  cells  become  corni- 
fied  and  are  cast  off,  so  that  the  gland  area  appears  as  a 
depression  of  the  surface  of  the  skin.  During  the  fifth  and 
sixth  months  the  lobes  elongate  into  solid  cylindrical  col- 
umns of  cells  (Fig.  87)  resembling  not  a  little  the  cylinders 


whidi  become  converted  into  sudoriparous  glands,  and  each 
column  becomes  slightly  enlarged  at  its  lower  end,  from 
which  outgrowths  begin  to  develop  to  form  the  acini.  A 
lumen  first  appears  in  the  lower  ends  of  the  columns  and 
is  formed  by  the  separation  and  breaking  down  of  the  cen- 


tral cells,  the  iieripheral  cells  persisting  as  the  lining  of  the 
acini  and  ducts. 

Tlie  elevation  of  the  gland  area  above  the  surface  to  form 

the  nipple  appears  to  occur  at  different  periods  in  different 

embryos  and  frequently  does  not  take  place  until  after  birth. 

In  the  region  aroinid  the  nipple  sudoriparous  and  sebaceous 

I  glands  develop,  tlie  latter  also  occurring  within  tlie  nipple 
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area  and  frequently  opening  into  the  extremities  of  the  I 
lacteal  ducts.  In  the  areola,  as  the  area  surrounding  the  I 
nipple  is  termed,  other  glands  known  as  Montgomery's  I 
glands,  also  appear,  their  development  resembhng  that  of  1 
the  mammary  gland  so  closely  as  to  render  it  probable  that  ■ 
they  are  really  rudimentary  mammary  glands. 

The  further  development  of  the  glands,  consisting  of  an 
increase  in  the  length  of  the  ducts  and  the  development  from 
them  of  additional  acini,  continues  slowly  up  to  the  time  of 
puberty  in  both  sexes,  but  at  that  period  further  growth  . 


Scu^/i.) 


ceases  in  the  male,  while  in  females  it  continues  for  a  time  I 
and  the  subjacent  dermal  tissues,  especially  the  adipose  tis- I 
sue.  undergo  a  rapid  development. 

The  rKcurrcnco  of  a  milk  ridge  has  not  yet  been  observedv 
in  a  sufficient  number  of  embryos  to  determine  whether  it  itM 
a  normal  development  or  is  associated  with  the  formation  of  | 
supernumerary  glands  (poiymastia) .  This  is  by  no  mea 
infreijuent  anomaly;  it  has  been  observed  in  19  per  cent,  of  | 
over  100,000  soldiers  of  the  German  army  who  were  examined,  I 
and  occurs  in  47  per  cent,  of  individuals  in  certain  regions  of  | 
ticrmany.  The  extent  to  which  the  anomaly  is  developed  j 
varies  from  the  occurrence  of  well -developed  accessory  glands  1 
to  that  of  rudimentary  accessory  nipples  {hyperthelin),  these  1 
latter  sometimes  occurring  in  the  areolar  area  of  a  normal  I 
gland  and  Iwing  [xissibly  due  in  such  cases  to  an  hyjwrtrophy 
of  one  or  more  of  Montgomery's  glands. 
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Although  the  mammary  glands  are  typically  functional  only 
in  females  in  the  period  immediately  succeeding  pregnancy, 
cases  are  not  unknown  in  which  the  glands  have  been  well 
developed  and  functional  in  males  {gyncocomastia) .  Further- 
more, a  functional  activity  of  the  glands  normally  occurs  imme- 
diately after  birth,  infants  of  both  sexes  yielding  a  few  drops 
of  a  milky  fluid,  the  so-called  witch-milk  (Ilexenmilch),  when 
the  glands  are  subjected  to  pressure. 
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CHAPTER   VII. 

THE  DEVELOPMENT  OF  THE  CONNECTIVE 
TISSUES  AND  SKELETON. 

It  has  l)een  seen  that  the  cells  of  a  very  considerable  por- 
tion of  the  somatic  and  splanchnic  mesoderm,  as  well  as 
of  parts  of  the  mesodermic  somites,  become  converted  into 
mesenchyme.  A  very  considerable  portion  of  this  becomes 
converted  into  what  are  termed  connective  or  supporting 
tissues,  characterized  by  consisting  of  a  non-cellular  matrix 
in  which  more  or  less  scattered  cells  are  embedded.  These 
tissues  enter  to  a  greater  or  less  extent  into  the  formation 
of  all  the  organs  of  the  body,  with  the  exception  of  those 
forming  the  central  nervous  system,  and  constitute  a  net- 
work which  holds  together  and  supports  the  elements  of 
which  the  organs  are  composed;  in  addition,  they  take  the 
form  of  definite  membranes  (serous  membranes,  fasciae), 
cords  (tendons,  ligaments),  or  solid  masses  (cartilage),  or 
form  looser  masses  or  layers  of  a  somewhat  spongy  texture 
(areolar  tissue).  The  intermediate  substance  is  somewhat 
varied  in  character,  being  composed  sometimes  of  white, 
non-branching,  non-elastic  fibers,  sometimes  of  yellow, 
branching,  elastic  fibers;  of  white,  branching,  but  inelastic 
fibers  which  form  a  reticulum,  or  of  a  soft  gelatinous  sub- 
stance containing  considerable  quantities  of  mucin,  as  in  the 
tissue  which  constitutes  the  Whartonian  jelly  of  the  umbili- 
cal cord.  Again,  in  cartilage  the  matrix  is  compact  and 
homogeneous,  or,  in  other  cases,  more  or  less  fibrous,  pass- 
ing over  into  ordinary  fibrous  tissue,  and,  finally,  in  bone  the 

organic  matrix  is  largely  impregnated  with  salts  of  lime. 
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Two  views  exist  as  to  the  mode  of  formation  of  the 
matrix,  some  authors  maintaining  that  in  the  fibrous  tissues 
it  is  produced  by  the  actual  transformation  of  the  mesen- 
chyme cells  into  fibers,  while  others  claim  that  it  is  manu- 
factured by  the  cells  but  does  not  directly  represent  the  cells 
.themselves.  Fibrils  and  material  out  of  which  fibrils  could 
be  formed  have  undoubtedly  been  observed  in  connective- 
tissue  cells,  hut  whether  or  not  these  are  later  passed  to  the 
exterior  of  the  cell  to  funn  a  connective-tissue  fiber  is  not 
yet  certain,  and  on  this  hangs  mainly  the  difference  between 
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the  theories.  Recently  it  has  been  held  (Mall)  that  the 
mesenchyme  of  the  embryo  is  really  a  syncytium  in  and 
from  the  protoplasm  of  which  the  matrix  forms;  if  this  be 
correct,  the  distinction  which  the  older  views  make  between 
the  intercellular  and  intracellular  origin  of  the  matrix  be- 
comes of  little  importance. 

Bone  differs  from  the  other  varieties  of  connective  tissue 
in  that  it  is  never  a  primary  formation,  but  is  always  devel- 
oped either  in  fibrous  tissue  or  cartilage;  and  according  as 
it  is  associated  with  the  one  or  the  other,  it  is  spoken  of  as 
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nt4'mbrattc  bun,-  or  cartilage  bone.     In  the  dev^opment  of 
riirnibrane  bone  some  of  the  connective-tissue  cells,  which 
in  crjn*equcncc  Itcconie  known  as  osteoblasts,  deposit   lime 
ibilts  in  the  matrix  in  the  form  of  bony  spicules  which  in- 
crease in  size  and  sn<jn  unite  to  form  a  network  (Fig.  88). 
'Ilie  tralwcidic  of  the  network  continue  to  thicken,  while,  at 
the  same  time,  the  furma- 
tion    nf  spicules    exiends 
further  out  into  the  con- 
nective-tissue   membrane, 
radiating  in  all  directions 
frum  the  region  in  which 
it  first  developed.     Later 
ihe       connective        tissue 
winch     lies    upon     either 
surface    of    the    reticular 
plate   of   bone   thus    pro- 
duced condenses  to   form  ■ 
a    slout     membrane,     thej 
pcrif.flcum,     b  e  t  w  e  e  r 
wlikli    and    the    osse< 
plale   osteoblasts   arrangi 
themselves  in  a  more  of^ 
less     delinilc     layer     andd 
OF  AN  Km-     ,|,.j„sjt  (,pp„  |]^e  swfacel 
,  periosteal     of  the  plate  n  lamella  q£ 

brane  l>one,   such  as  i 
-       f  tbr  Hknll,  thus  comes  to  Ije  composed  ( 

'  1  lioric,  the  inner  and  ouler  tables,  en-l 
'     II  middle  plate  of  spongy  bone  wbichi 


'  I  (rum  rnrlilage  the  process  is  some-  J 
ilid  n'lilcr  of  the  cartilage  the  inter- 
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cellular  matrix  becomes  increased  so  that  the  cells  appear 
to  be  more  scattered  and  a  calcareous  deposit  forms  in  it 
All  around  this  region  of  calcification  the  cells  arrange  them- 
selves in  rows  (Fig.  8g)  and  the  process  of  calcification 
extends  into  the  trabecular  of  matrix  which  separate  these 
rows.  While  these  processes  li;ive  been  taking  place  the 
mesenchyme  surrounding 
the  cartilage  has  become 
converted  into  a  periosteum 
(po),  similar  to  that  of  ' 
membrane  Iwne,  and  its 
osteoblasts  deposit  a  layer 
of  bone  (p)  ujKin  the  sur- 
face of  the  cartilage.  The  ' 
cartilage  cells  now  disap- 
pear from  the  intervals  be- 
tween the  trabeculic  of  cal- 
cified matrix,  which  form 
a  fine  network  into  which 
masses  of  mesenchyme 
(Fig.  go.  pi),  containing  ^'^j,  ^i^"^^, 
blood-vessels  and  osteo- 
blasts, here  and  there  pene- 
trate from  the  periosteum, 
after  having  broken  through 
the  layer  of  periosteal  bone. 
These  masses  absorb  a  pi:irtion  of  the  fine  calcified  network 
and  so  transform  it  into  a  coarse  network,  the  meshes  of 
which  they  occupy  to  form  the  bone  marrow  (w»),  and  the 
osteoblasts  which  they  contain  arrange  themselves  on  the  sur- 
face of  the  persisting  trabeculre  and  deposit  layers  of  bone 
upon  their  surfaces.  In  the  meantime  the  ndcification  of  the 
cartilage  matrix  has  been  extending,  and  as  fast  as  the  net- 
work of  calcified  trabecnl.T  is  formed  it  is  invaded  by  the 


c,  Ossifying  trabecule 
cartilage  network ;  m, 
cells :  p,  periosteal  bone ;  p 
niplion  of  periosteal  tissue 
periosteum. — ( Ssym  0  «  owict. ) 
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mesenchyme,  until  finally  the  cartilage  becomes  entirely  con- 
verted into  a  mass  of  spongy  bone  enclosed  within  a  layer  of 
more  compact  periosteal  bone. 

As  a  rule,  each  cartilage  bone  is  developed  from  a  single 
center  of  ossification,  and  when  it  is  found  that  a  bone  of 
the  skull,  for  instance,  develops  by  several  centers,  it  is 
to  be  regarded  as  formed  by  the  fusion  of  several  primarily 
distinct  lx)nes,  a  conclusion  which  may  generally  be  con- 
firmed by  a  comparison  of  the  bone  in  question  with  its 
homologues  in  the  lower  vertebrates.  Exceptions  to  this 
rule  occur  in  bones  situated  in  the  median  line  of  the  body, 
these  occasionally  developing  from  two  centers  lying  one 
on  cither  side  of  the  median  line,  but  such  centers  are  usually 
to  be  regarded  as  a  double  center  rather  than  as  two  distinct 
centers,  and  are  merely  an  expression  of  the  fundamental 
bilaterality  which  exists  even  in  median  structures. 

More  striking  exceptions  arc  to  be  found  in  the  long 
bones  in  which  one  or  both  extremities  develop  from  special 
centers  which  give  rise  to  the  cf'ipliyscs  (I'ig.  91,  ep,  ^P')* 
the  shaft  or  diaphysis  (d)  being  formed  from  the  primary 
center.  Similar  secondary  centers  appear  in  marked  promi- 
nences on  bones  to  which  powerful  muscles  are  attached 
(iMg.  91,  a  and  />),  hut  these,  as  well  as  the  epiphysial  cen- 
ters, can  readily  he  recognized  as  secNnidary  from  the  fact 
that  they  do  ni)t  appear  until  much  later  than  the  primary 
centers  of  the  bones  to  which  they  belong.  These  secondary 
centers  give  the  necessary  firmness  required  for  articular 
surfaces  and  for  the  attachment  of  muscles  and,  at  the  same 
time,  make  provision  for  the  growth  in  length  of  the  iK^ne, 
since  a  plate  of  cartilage  always  intervenes  between  the 
epiphyses  and  the  diaphysis.  This  cartilage  continues  to  be 
transformed  into  hone  on  both  its  surfaces  bv  the  extension 
of  both  the  epiphysial  and  diaphysial  ossification  into  it,  and. 
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at  the  same  time,  it  grows  in  thickness  with  equal  rapidity 
until  the  bone  reaches  its  required  length,  whereupon  the 
rapidity  of  the  growth  of  the  cartilage  diminishes  and  it 
gradually  becomes  completely  ossi- 
fied, uniting  together  the  epiphysis 
and  diaphysis. 

The  growth  in  thickness  of  the 
long  bones  is*  however,  an  entirely 
different  process,  and  is  due  to  the 
formation  of  new  layers  of  periosteal 
bone  on  the  outside  of  those  alreadv 
present.  But  in  connection  with 
this  process  an  absorption  of  bone 
also  takes  place.  A  section  through 
the  middle  of  the  shaft  of  a  hume- 
rus, for  example,  at  an  early  stage 
of  development  would  show  a 
peripheral  zone  of  compact  lx)ne 
surrounding  a  core  of  sixingy  lx)ne, 
the  meshes  of  the  latter  being  occu- 
pied by  the  marrow  tissue.  A  sim- 
ilar section  of  an  adult  bone,  on  the 
other  hand,  would  show  only  the 
peripheral  compact  bone,  much 
thicker  than  before  and  enclosing  a 
large  marrow  cavity  in  which  no 
trace  of  spongy  bone  might  remain. 
The  difference  dej^nds  on  the  fact 
that  as  the  periosteal  bone  increases 
in  thickness,  there  is  a  gradual 
absorption  of  the  spongy  bone  and  also  of  the  earlier  layers 
of  periosteal  bone,  this  absorption  being  carried  on  by  large 
multinucleated  cells,  termed  osteoclasts,  derived  from  the 
marrow  mesenchyme.     By  their  action  the  bone  is  enabled 


Fig.  91.— The  Ossifica- 
tion Centers  of  the 
Femur. 

a,  and  b,  Secondary  cen- 
ters for  the  great  and 
lesser  trochanters ;  d, 
diaphysis ;  cf>,  upper 
and  cp\  lower  epiphy- 
sis.—  (Testut.) 
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to  reach  its  requisite  diameter  and  strength,  without  becom- 
ing an  almost  solid  and  unwieldy  mass  of  compact  bone. 

During  the  ossification  of  the  cartilaginous  trabeculae 
osteoblasts  become  enclosed  by  the  bony  substance,  the  cavi- 
ties in  which  they  He  forming  the  lacunce  and  processes 
radiating  out  from  them,  the  canaliculi,  so  characteristic  of 
bone  tissue.  In  the  growth  of  periosteal  bone  not  only  do 
osteoblasts  become  enclosed,  but  blood-ve5sels  also,  the 
Haversian  canals  being  formed  in  this  way,  and  around 


I''iG.   ()2. — //,  Transverse  Section   of  the  Femtr  of  a   Pig  Killed 

AFTER    IlAVIXr,    BeEN    I'^ED    WITH    M ADDER  FOR   FoUR   WeEKS  ;    B,   THE 

Same  of  a   Pk;   Killed  Two   Months  after  the  Cessation  of 
THE  Madder  Feeding. 

Till*  lieavy  ])l.'ick   line   represents   the  portion  of  bone  stained  by  the 

madder. — (After  Fiourctts.) 

these  L'lniclUe  of  bone  are  deposited  by  the  enclosed  osteo- 
blasts to  form  Haversian  systems. 

Hiat  the  .ibsorption  of  periosteal  bone  takes  place  during 
jjrowth  can  be  demonstrated  by  taking  advantage  of  the  fact 
tiiat  the  coloring  su!)stance  madder,  when  consumed  with  food, 
tinges  the  bone  being  formed  at  the  time  a  distinct  red.  In 
pigs  fed  witii  madder  for  a  time  and  then  killed  a  section  of 
the  femur  shows  a  superficial  band  of  red  bone  (Fig.  92,  A), 
but  if  the  animals  be  allowed  to  live  for  one  or  two  months 
after  the  cessation  of  the  madder  feeding,  the  red  l)and  will  be 
f(jund  to  be  covered  by  a  layer  of  white  bone  varying  in  thick- 
ness according  to  the  interval  elapsed  since  the  cessation  of 
feeding  (big.  92,  1^);  and  if  this  interval  amount  to  four 
months,  it  will  be  found  that  the  thickness  of  the  uncolorcd 
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bone  between  the  red  bone  and  the  marrow  cavity  will  have 
greatly  diminished  (Floiirens). 

The  Development  of  the  Skeleton. — Erabryologically 
considered,  the  skeleton  is  conipused  of  two  portions,  the 
axial  skeleton,  consisting  of  the  skull,  the  vertebrae,  ribs. 


I 


,  inlerscgmental  arlcfy;  my,  niyolome;  h,  central  nervous  system; 
nc,  nolochord ;  sru  and  scp,  anierior  and  posterior  portions  of 
selerototties. 


and  sternum,  developing  from  the  sclerotomes  of  the  meso- 
dermal somites,  and  the  appcudicuhir  skeleton,  which  in- 
cludes the  pectoral  and  pelvic  girdles  and  the  bones  of  the 
limbs,  and  which  arises  from  the  mesenchyme  of  the  soinatic 
mesoderm.     It  will  he  convenient  to  consider  first  ihe  devel- 
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upmeiit  of  the  axial  skeleton,  and  of  this  the  dit^crentiationJ 
of  the  vertebral  cnlunin  and  ribs  niuy  first  be  (Hscusseti. 

The  Development  of  the  Vertebrae  and  Ribs. — The  I 
mesenchyme  formed  from  the  sclerotome  of  each  meso-  | 
<lerniic  somite  gp^ows  inwanl  toward  the  median  line  and  I 
forms  a  mass  tying  hetweeii  the  noiochord  and  the  myotome,  I 
se])arated  fmni  the  similar  mass  in  front  and  l>eliind  by  some  1 
loose   tissue   in   which   lies  J 
an    intersegmental    artery. 
Towards    the   end   of  the 
third  week  of  development 
the   cells   of   the   posterior 
portion  of  each  sclerotome 
'  condense  to  a  tissue  more 
compact  than  that  of  the 
anterior  portion  (Fig.  93), 
and   a   Utile  later  the  two 
portions  Iwcome  separated 
hy  a  cleft.     Ai   about  the 
same    time    the    posterior 
Fii'sT'cEli^'J^AL  portion     sends    a    process 
'  Cal?  Embkvo  of  niedially,     to     enclose    the 
bc\   Intervertebral  plate;   «',   fourth   "olochord   by   uniting  with 
myotome;  1,  hypochordal  l.ar;  X/.  a      corresponding      process 
apmal  accessory  nerve— (Fronc/',)     ,  ,  , 

from  the  sclerotome  of 
the  other  side,  and  it  also  sends  a  prolongation  dorsally' 
l>etween  the  myotome  and  the  spinal  cord  to  form  the  verte- 
bral arch,  and  a  third  process  laterally  and  ventrally  along 
the  distal  border  of  the  myotome  to  form  a  coslal  process 
(l-'ig.  94).  The  looser  tissue  of  the  anterior  half  of  the 
sclerotome  also  grows  medially  to  surround  the  notochord. 
filling  tip  the  intervals  Wtween  successive  denser  portions. 
and  it  forms  too  a  membrane  extending  between  successive 
vertebral  arches.     Later  the  tissue  surrounding  the  noto- 


Plate    of 
Vehterra  o 


. 


DFAELOPMENT    OF    THE    VERTEBR.i:.  169 

chord  which  is  derived  from  the  anterior  half  of  the  sclero- 
tome associates  itself  with  the  posterior  portion  of  the  pre- 
ceding sclerotome  to  form  what  will  later  be  a  vertebra, 
the  tissue  occupying  and  adjacent  to  the  line  of  division 
between  the  anterior  and  posterior  portions  of  the  sclero- 
tomes condensing  to  form  intervertebral  fibrocartilages. 
Consequently  each  vertebra  is  formed  by  parts  from  two 
sclerotomes,  the  original  interseginental  artery  passes  over 
the  Ixxly  of  a  vertebra,  and  the  vertebnx  themselves  alter- 
nate with  the  myotomes.  With  this  differentiation  the  first 
or  blastemic  stage  of  the  development  of  the  vertebrae  closes. 
In  the  second  or  cartilaginous  stage,  portions  of  the  scle- 
rotomic  mesenchyme  become  transformed  into  cartilage. 
In  the  posterior  portion  of  each  vertebral  body,  that  is  to 
say  in  the  portion  formed  from  the  anterior  halves  of  the 
more  posterior  of  the  two  pairs  of  sclerotomes  entering  into 
its  formation,  two  centers  of  chondrification  appear,  one  on 
each  side  of  the  median  line,  and  these  eventually  unite  to 
form  a  single  cartilaginous  body,  the  chondrification  prob- 
ably also  extending  to  some  extent  into  the  denser  anterior 
portion  of  the  body.  A  center  also  appears  in  each  half 
of  the  vertebral  arch  and  in  each  costal  process,  the  carti- 
lages formed  in  the  costal  processes  of  the  anterior  cervical 
region  uniting  across  the  median  line  below  the  notochord, 
to  form  what  has  been  termed  a  hypochordal  bar  (Figs.  94 
and  95).  These  bars  are  for  the  most  part  but  transitory, 
recalling  structures  occurring  in  the  lower  vertebrates;  in 
the  mammalia  they  degenerate  before  the  close  of  the  carti- 
laginous stage  of  development,  except  in  the  case  of  the 
atlas,  whose  development  will  be  described  later.  As 
development  proceeds  the  cartilages  of  the  vertebral  arches 
and  costal  processes  increase  in  length  and  come  into  con- 
tact with  the  cartilaginous  bodies,  with  which  they  even- 
tually fuse,  and  from  the  vertebral  arches  processes  grow 
16 
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out  which   represent  the  future  transverse  and  articular 
processes. 

The  fusion  of  the  cartilage  of  the  costal  process  with  the 
body  of  the  vertebra  does  not,  however,  persist.  Later  a 
solution  of  the  junction  occurs  and  the  process  becomes  a 
rib  cartilage,  the  mesenchyme  surrounding  the  area  of  solu- 
tion forming  the  costo-vertebral  ligaments.  At  first  the  rib 
cartilage  is  separated  by  a  distinct  interval  from  the  trans- 
verse process  of  the  vertebral  arch,  but  later  it  develops  a 
process,  the  tubercle,  which  bridges  the  gap  and  forms  an 
articulation  with  the  transverse  process. 

Tlic  mesenchyme  which  extends  between  successive  ver- 
tebral arches  does  not  chondrify,  but  later  becomes  trans- 
formed into  the  interspinous  ligaments  and  the  ligamenta 
flava,  while  the  anterior  and  posterior  longitudinal  liga- 
ments are  formed  from  unchondrified  portions  of  the  tissue 
surrounding  the  vertebral  bodies. 

As  was  ix)inted  out,  the  mesenchyme  in  the  region  of 
the  cleft  separating  the  anterior  and  posterior  portions  of  a 
sclerotome  becomes  an  intervertebral  fibrocartilage,  and,  as 
the  cartilaginous  bodies  develop,  the  portions  of  the  noto- 
chord  enclosed  by  them  become  constricted,  while  at  the 
same  time  the  portions  in  the  intervertebral  regions  increase 
in  size.  Finally  the  notochord  disappears  from  the  verte- 
bral regions,  although  a  canal,  representing  its  former  posi- 
tion, traverses  each  body  for  a  considerable  time,  and  in  the 
intervertebral  regions  it  persists  as  relatively  large  flat 
disks  forming  the  pulpy  nuclei  of  the  fibrocartilages. 

The  mode  of  development  described  above  applies  to  the 
great  majority  of  the  vertebrae,  but  some  departures  from 
it  occur,  and  these  may  be  conveniently  considered  before 
passing  on  to  an  account  of  the  ossification  of  the  carti- 
lages. Tlie  variations  affect  principally  the  extremes  of  the 
series.     Thus  the  posterior  vertebra?  present  a  reduction  of 


HEVEUIPMENT    OF    THE    VERTEBRA. 


171 


the  vertebral  arches,  thuse  of  the  last  sacral  vertebra  being 
but  feebly  developed,  while  in  the  coccygeal  vertebrie  they 
are  indicated  only  in  the  first.  In  the  first  cervical  vertebra, 
the  atlas,  the  reverse  is  the  case,  for  the  entire  adult  ver- 
tebra is  formeci  from  the  posterior  portion  of  a  sclerotome, 
its  lateral  masses  and  posterior  arch  being  the  vertebral 


Fig.  95. — Longitudinal  Section  thbough  the  Occipital  Region  and 

Upper  Cervical  Vkmtebk*  of  a  Calf  Embryo  of  i&s  mm. 
has.  Basilar  artery;  eft,  notochord;  Kc''\  verltbral  centra;   (r*^.  inter- 
vertebral    disks;     occ,    basloccipila! ;     Sc'~',     hypodiordal     bars.— 

arches,  while  its  anterior  arch  is  the  hypochordal  bar,  which 
persists  in  this  vertebra  only.  A  well-developed  centnnu 
is  also  formed,  however  (Fig.  95},  but  it  does  not  unite 
with  the  parts  derived  from  the  preceding  sclerotome,  but 
during  its  ossification  tniites  with  the  centrum  of  tbc  epis- 
tropheus (axis),  forming  the  odontoid  process  of  that  ver- 
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tebra.     Tlie  epistropheus  consequently  is  formed  by  one  and 
a  half  sclerotomes,  while  but  half  a  one  constitutes  the  atlas. 

The  extent  to  which  the  ribs  are  developed  in  connec- 
tion with   the  various  vertebrae  also  varies  considerably. 
Throughout  the  cervical  region  they  are  short,  the  upper 
five  or  six  l)eing  no  longer  than  the  transverse  processes, 
with  the  tips  of  which  their  extremities  unite  at  an  early 
stage.     In  the  upper  five  or  six  vertebrae  a  relatively  larg^ 
interval  persists  l)etween  the  rib  and  the  transverse  process, 
forming  the  vertebral  foramen,  through  which  the  vertebral 
vessels  pass,  but  in  the  seventh  vertebra  the  fusion  is  more 
extensive  and  the  foramen  is  very  small  and  hardly  notice- 
able.    In  the  thoracic  region  the  ribs  reach  their  greatest 
development,  the  upper  eight  or  nine  extending  almost  to 
the  mid-ventral  line,  where  their  extremities  unite  to  form 
a  longitudinal  cartilagincms  bar  from  which  the  sternum 
develops  (see  p.  175).     The  lower  three  or  four  thoracic 
ribs  are  successively  shorter,  however,  and  lead  to  the  con- 
dition found  in  the  lumbar  vertebrae,  where  they  are  again 
greatly  reduced  and  firmly  united  with  the  transverse  proc- 
esses, the  union  being  so  close  that  only  the  tips  of  the 
latter  can  be  distinguished,  forming  what  are  known  as  the 
accessory  tubercles.     In  the  sacral  region  the  ribs  are  re- 
duced to  short  flat  i)lates,  which  unite  together  to  form  the 
lateral  masses  of  the  sacrum,  and,  finally,  in  the  coccygeal 
regi(Mi  the  blastcmic  costal  processes  of  the  first  vertebra 
unite  with  the  transverse  processes  t(^  form  the  transverse 
processes  of  the  adult  vertebra,  but  no  indications  of  them 
are  to  l)e  found  in  the  other  vertcbnc  beyond  the  blastemic 
stage. 

The  third  stage  in  the  develnjnnent  of  the  axial  skeleton 
begins  with  the  ossification  of  the  cartilages,  and  in  each 
vertebra  there  are  typically  as  many  primary  centers  of 
os.sification  as  there  were  originally  cartilages,  except  that 
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but  a  single  center  appears  in  the  body.  Thus,  to  take  a 
thoracic  vertebra  as  a  type,  a  center  appears  in  each  halt 
of  each  vertebral  arch  at  the  base  of  the  transverse  process 
and  gradually  extends  to  form  the  bony  lamina,  pedicle,  and 
the  greater  portion  of  the  transverse  and  spinous  processes ; 
a  single  center  gives  rise  to  the  body  of  the  vertebra;  and 
each  rib  ossifies  from  a  single  center.  These  various  cen- 
ters appear  early  in  embryonic  life,  but  the  complete  trans- 
formation of  the  cartilages  into  bone  does  not  occur  until 
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Fia  96.-/4,  A  Vertebra  at  Birth;   B,  Lumbar  Vertebra  showing 

Secondary  Centers  of  Ossification. 

a.  Center  for  the  articular  process;  r,  Ixxly;  el  lower  epiphysial  plate; 
en,  upper  epiphysial  plate ;  na,  vertebral  arch ;  s,  center  for  spinous 
process;   /,  center  for  transverse  process. — (Sappey.) 

some  time  after  birth,  each  vertebra  at  that  period  consist- 
ing of  three  parts,  a  body  and  two  halves  of  an  arch,  sepa- 
rated by  unossified  cartilage  (Fig.  96,  A).  At  about 
puberty  secondary  centers  make  their  appearance;  one  ap- 
pears in  the  cartilage  which  still  covers  the  anterior  and 
posterior  surfaces  of  the  vertebral  bo<ly,  producing  disks 
of  bone  in  these  situations,  another  appears  at  the  tip  of 
each  spinous  and  transverse  process  (Fig.  96,  B),  and  in 
the  lumbar  vertebrie  others  appear  at  the  tips  of  the  articu- 
lating processes.  The  epiphyses  so  formed  remain  separate 
until  growth  is  completed  and  between  the  sixteenth  and 
twenty-fifth  years  unite  with  the  bones  formed  from  the 
primary  centers,  which  have  fused  by  this  time,  to  form 
a  single  vertebra. 
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Eadi  rih  ossifies  from  a  single  primary  center  situated 
near  the  angle,  secondary  centers  appearing  for  the  capit' 
ulum  and  tuherosity. 

Ill  some  of  the  verlebrsc  modificatioiiB  of  this  typical 
mode  of  ossification  occur.  Thus,  in  the  upper  five  cervi- 
cal vertebrEE  the  centers  for  the  rudimentary  rib.,  are  sup- 
pressed, ossification  extending  into  them  from  the  vertebral 
arch  centers,  and  a  similar  suppression  uf  the  costal  centers' 
occurs  in  the  lower  lumbar  vertebra.  Ihe  first  only  develop- 
ing a   separate   rib  center.     Furthermore,    in   the   atlas    a 


Fig.  97. — A,  Vpvka  S' 
Ventral  View 
Ossification. 
C  Body;  no 


-lSatl>i-y.') 


double  center  appears  in  the  persisting  hypochordal  bar,  and 
the  body  which  corresponds  to  the  atlas,  after  developing' 
the  teniiinal  epiphysial  disks,  fuses  with  the  body  of  the 
epistropheus  (axis)  to  form  its  odontc  id  process,  this  ver- 
tebra consequently  possessing,  in  addition  to  the  typical  cen- 
ters, one  (double)  other  primary  and  two  secondary  cen- 
ters. In  the  sacral  region  the  tyi)ical  centers  appear  in  all 
five  vertebra;,  with  the  exception  of  rib  centers  for  the  last 
one  or  two  (Fig.  97)  and  two  additional  secondary  centers 
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give  rise  to  plate-like  epiphyses  on  each  side,  the  upper 
plates  forming  the  articular  surface  of  the  ilium.  At  about 
the  twenty-fifth  year  all  the  sacral  vertebrae  unite  to  form 
a  single  bone,  and  a  similar  fusion  occurs  also  in  the  rudi- 
mentary vertebrae  of  the  coccyx. 

The  majority  of  the  anomalies  seen  in  the  vertebral  column 
are  due  to  the  imperfect  development  of  one  or  more  cartilages 
or  of  the  centers  of  ossification.  Thus,  a  failure  of  an  arch  to 
unite  with  the  body  or  even  the  complete  absence  of  an  arch 
or  half  an  arch  may  occur,  and  in  cases  of  spina  bifida  the  two 
halves  of  the  arches  fail  to  unite  dorsally.  Occasionally  the 
two  parts  of  the  double  cartilaginous  center  for  the  body  fail 
to  unite,  a  double  body  resulting;  or  one  of  the  two  parts 
may  entirely  fail,  the  result  being  the  formation  of  only  one- 
half  of  the  body  of  the  vertebra.  Other  anomalies  result  from 
the  excessive  development  of  parts.  Thus,  the  rib  of  the 
seventh  cervical  vertebra  may  sometimes  remain  distinct  and 
be  long  enough  to  reach  the  sternum,  and  the  first  lumbar  rib 
may  also  fail  to  unite  with  its  vertebra.  On  the  other  hand, 
the  first  thoracic  rib  is  occasionally  found  to  be  imperfect. 

The  Development  of  the  Sternum. — Longitudinal  bars, 
which  are  formed  by  the  fusion  of  the  ventral  ends  of  the 
anterior  eight  or  nine  cartilaginous  thoracic  ribs,  represent 
the  future  sternum.  At  an  early  period  the  two  bars  come 
into  contact  anteriorly  and  fuse  together  (Fig.  98),  and  at 
this  anterior  end  two  usually  indistinctly  separated  masses 
of  cartilage  are  to  he  observed  at  the  vicinity  of  the  points 
where  the  ventral  ends  of  the  cartilaginous  clavicles  articu- 
late. These  are  the  cpistenial  cartilages  (r;;i),  which  later 
normally  unite  with  the  longitudinal  bars  and  form  part 
of  the  manubrium  stemi,  though  occasionally  they  persist 
and  ossify  to  form  the  ossa  suprastcrnalia.  The  fusion  of 
the  longitudinal  bars  gradually  extends  backward  until  a 
single  elongated  plate  of  cartilage  results,  with  which  the 
seven  anterior  ribs  are  united,  one  or  two  of  the  more  pos- 
terior ribs  which  originally  took  part  in  the  formation  of 
each    bar   having   separated.     The   portions   of    the   bars 
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formed  by  these  posterior  ribs  constitute  the  xiphoid  process. 

The  ossification  of  the  stenuim  (Fig.  99)  partakes  to  a  ' 
certain  extent  of  the  original  bilateral  segmental  origin  of 
the  cartilage,  but  there  is  a  marked  condensation  of  the 
centers  of  ossification  and  considerable  variation  in  their 
number  also  occurs.  In  the  |Mirtion  of  the  cartilage  which 
lies  below  the  junction  of  the  third  costal  cartilages  a  series 


i>(  pairs  of  centers  appears  just  alx»ut  birth,  each  center 
probably  representing  an  epiphysial  center  of  a  correspond- 
ing rib.  Later  the  centers  of  each  pair  fuse  and  the  single 
centers  so  formed,  extending  through  the  cartilage,  even- 
tually unite  to  form  the  greater  part  of  the  Imdy  of  the 
bone.  In  each  of  the  two  uppennost  segments,  however, 
but  a  single  center  appears,  that  of  the  lower  segment  unit- 
ing with  the  more  posterior  centers  and  forming  the  upper 
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part  of  the  body,  while  the  uppermost  ceiiler  gives  rise  to 
the  manubrium,  which  frequently  persists  as  a  distinct  hone 
united  to  the  body  by  a  hinge-joint, 

A  failure  of  the  cartilaginous  bars  to  fuse  produces  the  con- 
dition known  as  cleft  sternum,  or  if  the  failure  to  fuse  affects 
only  a  portion  of  the  bars  there  results  a  perforated  sternum. 
A  perforation  or  notching  of  the  xiphoid  cartilage  is  of  fre- 
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u.  Alisphciioid :  bo,  basioccipilal ;  bs, 
basisplienoid ;  eo,  exoccipital ;  m, 
Meckel's  cartilage ;  oj.  orbilosphenoid ; 
p.  periolic;  ps,  presphenoid;  so,  sella 
turcica;   s,  siipraoccipilal. —  {Levi.) 


quent  occurrence  owing  to  tliis  being  the  region  where  the 
fusion  of  the  bars  takes  place  last. 

The  suprasternal  bones  are  the  rudiments  of  a  bone  or  carti- 
lage, the  omostcrnum,  situated  in  front  of  the  manubrium  in 
many  of  the  lower  mammalia.  It  furnishes  the  articular  sur- 
faces for  tlie  clavicles  and  is  possibly  formed  by  a  fusion  of  the 
ventral  ends  of  the  cartilages  which  represent  those  bones; 
hence  its  appearance  as  a  pair  of  bones  in  the  rudimentary 
condition. 

The  Development  of  the  Skull. — In  its  earliest  stages 
the  human   skull  is   represented  by  a  continuous  mass  of 
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mesenchyme  which  invests  the  anterior  portion  of  the  noto- 
chord  and  extends  forward  beyond  its  extremity  into  the 
nasal  region,  forming  a  core  for  the  nasal  process  (see 
p.  88).  From  each  side  of  this  basal  mass  a  wing  projects 
dorsally  to  enclose  the  anterior  portion  of  the  medullary 
canal  which  will  later  l)ecome  the  cerebral  part  of  the  cen- 
tral nervous  system.  No  indications  of  a  segmental  ori- 
gin are  to  be  found  in  this  mesenchyme;  as  stated,  it  is  a 
continuous  mass,  and  this  is  likewise  true  of  the  cartilage 
whicli  later  develops  in  it. 

The  cliondrilicalion  occurs  first  along  the  median  line 
in  what  will  l)c  the  occipital  and  sphenoidal  regions  of  the 
skull  (Fig.  100)  and  thence  gradually  extends  forward  into 
the  ethmoidal  region  and  to  a  certain  extent  dorsally  at 
the  sides  and  l)ehind  into  the  regions  later  occupied  by  the 
wings  of  the  sphenoid  (as  and  os)  and  the  squamous  por- 
tion of  the  occipital  (s).  No  cartilage  develops,  however, 
in  the  rest  of  the  sides  or  in  the  roof  of  the  skull,  but  the 
mesenchyme  of  these  regions  l>ecomes  converted  into  a 
dense  membrane  of  connective  tissue.  While  the  chondri- 
tication  is  proceeding  in  the  regions  mentioned,  the  mesen- 
chyme which  encloses  the  internal  ear  becomes  converted 
into  cartilage,  forming  a  mass,  the  f^criotic  capsule  (Fig. 
i(X),  />),  wedged  in  on  either  side  between  the  occipital  and 
si)henoidal  regions,  with  which  it  eventually  unites  to  form 
a  continuous  clunidracrauium,  perforated  by  foramina  for 
the  passage  of  nerves  and  vessels. 

'i'lie  i>osterior  part  of  the  basilar  j)ortion  of  the  occipital 
cartilage  presents  certain  i)eculiarities  of  develoimient.  In 
calf  embryos  there  are  in  this  region,  in  very  early  stages, 
four  separate  condensations  of  mescnlerm  c(jrresponding  to 
as  manv  mesodermic  somites  and  to  the  three  roots  of  the 
hypoglossal  nerve  together  with  the  first  cervical  or  sub- 
occipital nerve   (PVoriep)    (I'ig.    101).     These  mcsenchy- 
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nial  masses  in  tlieir  gen- 
eral characters  and  rela-  • 
tions  resemble  \'ertebral 
bodies,  and  there  are  good 
reasons  for  believing  that 
they  represent  four  verte- 
bra which,  in  later  stages, 
are  taken  up  into  the  skull 
region  and  fuse  with  the 
primitive  chondrocranium. 
In  the  human  embryo  they 
are  less  distinct  than  in 
lower  mammals,  but  since 
a  three-rooted  hypoglossal 
and  a  suboccipital  nerve 
also  occur  in  man  it  is 
probable  that  the  corre- 
sponding vertebra;  are  also 
represented.  Indeed,  con- 
firmation of  their  existence 
may  be  found  in  the  fact 
that  during  the  cartilagi- 
nous stage  of  the  skull  the 
hypoglossal  foramina  are 
divided  into  three  portions 
by  two  cartilaginous  parti- 
tions which  separate  the 
three  roots  of  the  hypo- 
glossal nerve.  It  seems 
certain  from  the  evidence 
derived  frc:)n]  embryology 
and  comparative  anatomy 
that  the  human  skull  is 
composed    of    a    primitive 


fAL  Rei,iuns  ot  A  Calf  Embrio  or 
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i  and  or,  Intervertebral  arteries ;  be', 
first  cervical  intervertebral  plate; 
ho.  suboccipital  intervertebral  plate ; 
f'"",  cervical  nerves;  ch,  notochord; 
K.  vertebral  centrum ;  m'"',  occipi- 
tal myotomes;  nt",  cervical  myo- 
tomes ;  o''',  roots  of  hypoglossal 
nerve;  vj,  jugular  vein;  x  anij  j-|', 
vagus  and  spitial  accessory  nerves. 
—{Froriep.} 
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unsegniental  chondrocranium  plus  four  vertebrae,  the  latter 
being  added  to  and  incorporated  with  the  occipital  portion 
of  the  chondrocranium. 

Emphasis  must  be  laid  upon  the  fact  that  the  cartilagi- 
nous portion  of  the  skull  forms  only  the  base  and  lower 
portions  of  the  sides  of  the  cranium,  its  entire  roof,  as  well 
as  the  face  region,  showing  no  indication  of  cartilage,  the 
mesenchyme  in  these  regions  being  converted  into  fibrous 
connective  tissue,  which,  especially  in  the  cranial  regfion, 
assumes  the  form  of  a  dense  membrane. 

But  in  addition  to  the  chondrocranium  and  the  vertebrae 
incorporated  with  it,  other  cartilaginous  elements  enter  into 
the  composition  of  the  skull.  The  mesenchyme  which 
occupies  the  axis  of  each  branchial  arch  undergoes  more  or 
less  complete  chondrification,  cartilaginous  bars  being  so 
formed,  certain  of  which  enter  into  very  close  relations 
with  the  skull.  It  has  been  seen  (p.  82)  that  each  half  of 
the  first  arch  gives  rise  to  a  maxillary  process  which  grows 
forward  and  ventrally  to  form  the  anterior  boundary  of  the 
mouth,  while  the  remaining  portion  of  the  arch  forms  the 
mandibular  process.  The  whole  of  the  axis  of  the  man- 
dibular process  becomes  cliondrified,  forming  a  rod  known 
as  McckcVs  cartilai^c,  and  this,  at  its  dorsal  end,  comes  into 
relation  with  the  periotic  ca])sule,  as  does  also  the  dorsal 
end  of  the  cartilage  of  the  second  arch.  In  the  remaining 
three  arches  cartilage  forms  only  in  the  ventral  portions,  so 
that  their  rods  do  not  come  into  relation  with  the  skull, 
though  it  will  l>e  convenient  to  consider  their  further  his- 
tory together  with  that  of  the  other  branchial  arch  carti- 
lages. The  arrangement  of  these  cartilages  is  shown  dia- 
grammatically  in  iMg.  loj. 

By  the  ossification  of  these  various  parts  three  categories 
of  bones  are  formed:  (i)  cartilage  bones  formed  in  the 
chondrocranium,   (2)   membrane  bones,  and   (3)  cartilage 
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bones  developing  from  the  cartilages  of  the  branchial  arches. 
The  bones  belonging  to  each  of  these  categories  are  pri- 
marily quite  distinct  from  one  another  and  from  those  of 
the  other  groups,  but  in  the  human  skull  a  very  considerable 
amount  of  fusion  of  the  primary  bones  takes  place,  and  ele- 
ments belonging  to  two  or  even  to  all  three  categories  may 
unite  to  form  a  single  bone  of  the  adult  skull.  In  a  certain 
region  of  the  chondrocranium  also  and  in  one  of  the  bran- 
chial arches  the  original  cartilage  l)one  becomes  ensheathed 
by  membrane  bone  and 
eventually  disappears 
completely,  so  that  the 
adult  bone,  although 
represented  by  a  car- 
tilage, is  really  a  mem- 
brane bone.  And,  in- 
deed, this  process  has 
proceeded     so     far     in 

^^^»:^    ^^^♦:^.,^    ..c    4-1, «    r*i(:,   102.— Diagram   siiowinc,  the  Five 

certam   portions   of   the        branchial  Cartila(;es,  /  to  r. 

branchial  arch  skeleton  I\  Imornal  pterygoid  process  of  the 
thai-  thp  nrimnal  rnrtilncr         sphenoid  ;  .//,  atlas;  Ax,  epistropheus; 

tnattne  original  carti lag-      ^  jj^j^j  cervical  vertebra. 
inous  representatives  are 

no  longer  developed,  but  the  bones  are  deposited  directly 
in  connective  tissue.  These  various  modifications  interfere 
greatly  with  the  precise  application  to  the  human  skull  of 
the  classification  of  bones  into  the  three  categories  given 
above,  and  indeed  the  true  significance  of  certain  of  the 
skull  bones  can  only  be  perceived  by  comparative  studies. 
Nevertheless  it  seems  advisable  to  retain  the  classification, 
indicating,  where  necessary,  the  confusion  of  bones  of  the 
various  categories. 

The  Ossification  of  the  Chondrocranium. — The  ossifi- 
cation of  the  cartilage  of  the  occipital  region  results  in  the 
formation  of  four  distinct  bones  which  even  at  birth  are 


182  OSSIFICATION   OF  THE   CIIONDRnCRANIUM. 

separated  from  one  another  by  bands  of  cartilage.  The 
portion  of  cartilage  lying  in  front  of  the  foramen  magnum 
ossifies  to  form  a  baswccipital  bone  (Fig.  T03,  bo),  the  por- 
tions on  either  side  of  this  give  rise  to  the  two  cxoccipitals 
{co),  which  bear  the  condyles,  and  the  portion  above  the 
foramen  produces  a  supraoccipUal  {so),  which  represents 
the  part  of  the  squamous 
[xirtion  of  the  adult  Ixjne 
lying  Ijelow  the  superior 
nuchal  line.  All  that  por- 
tion of  the  bone  which 
lies  above  that  line  is  com- 
posed of  membrane  bone 
which  owes  its  origin  to 
the  fusion  of  two  or  some- 
times four  centers  of  ossi- 
fication, appearing  in  the 
membranous  roof  of  the 
embryonic  skull.  The  bone 
so  formed  {ip)  represents 
the  interparietal  of  lower 
vertebrates  and,  at  an  early 
stage,   unites   with  the  su- 
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at  birth  an  indication  of  the 
line  of  imion  of  the  two  parts  is  to  Ik  seen  in  two  deep  in- 
cisions at  the  sides  of  the  bone.  The  union  of  the  cxoc- 
cipitals and  supraoccipital  takes  place  in  the  course  of  the 
first  or  second  year  after  birth,  but  the  basioccipital  docs 
not  fuse  with  the  rest  of  the  lx>ne  until  the  sixth  or  eighth 
year.  It  will  l>e  noticed  ihat  no  sjiecial  centers  occur  for 
the  four  occipital  vertebr.'e,  these  structures  having  becume 
completely  incorporated  in  the  chondrocranium.  and  even  the 
cartilaginous  jiartitions  which  divide  the  hypoglossal  foram- 
ina usually  disiipiiear  during  the  process  of  ossification. 
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Two  pairs  of  centers  lia\e  been  described  for  the  inter- 
parietal bone  and  it  has  been  claimed  that  the  deep  lateral 
incisions  divide  the  lower  pair,  so  that  when  the  incisions 
meet  and  persist  as  the  sulura  mendosa,  separating  the  so- 
called  inca  bone  from  the  rest  of  the  occipital,  the  division 
does  not  correspond  to  the  line  between  the  snpraoccipital 
and  the  interparietal,  but  a  portion  of  the  latter  bone  remains 
in  connection  with  the  siiprawcipital.  Mall,  however,  in 
twenty  preparations,  found  but  a  single  (lair  of  centers  for 
the  interparietal. 

Occasionally  an  additional  pair  of  small  centers  api)ear 
for  tlie  uppermost  angle  of  the  interiiarietal,  and  the  bones 


Fic.  104.— Sphe[ 
The  parts  which  are  still  canihKin 

Alixphenoid ;    b,   h!\f<\Hi\Kivm\ ;    I,    liith'tila;    i<s.    iirUili^plu'iiniil;    />, 
internal  pterygoid  piatf. —  (Siil-f<'y.) 

formed  from  them  may  remain  distinct  as  what  have  been 
termed  fontaticllc  bones. 

In  the  sphenoidal  region  the  ninnlicr  of  distiiicl  tmnes 
which  develop  is  much  greater  than  in  llic  nciipital  region. 
In  the  first  place,  at  the  beginning  of  the  iiindi  week  a  center 
appears  in  each  of  the  cartilages  wliiili  represent  tlio  alisl^lu-- 
noids  (great  wings)  (]''ig.  104,  as),  and  at  alMUit  the  twelfth 
week  a  center  appears  in  each  orbilnsphcmiid  (lesser  wing) 
cartilage  {os).  A  little  later  a  pair  of  centers  ibs),  placed 
side  by  side,  arc  developed  in  the  cartilage  representing  tlic 
posterior  portion  of  the  body  and  tngcllicr  represent  what 
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is  known  as  the  basisphenoid,  and  still  later  a  center  appears 
on  either  side  of  the  basisphenoids  to  form  the  lingitla-  (/)J 
and  another  pair  appears  in  the  anterior  part  of  the  carti-^ 
lage,  between  the  orbitosphenoids,  and  represent  the  pre 
spbowid. 

In  addition  to  these  ten  centers,  all  of  which  are  fornie<l 
in  cartilage,  certain  other  membrane  bones  are  included  in 
llie  adult  sphenoid.  Thus,  a  little  before  the  appearance 
of  the  center  for  the  aJisphenoids  an  ossification  is  formed 
in  the  mesenchyme  of  the  lateral  wall  of  the  posterior  part 
of  the  nasal  cavity  and  gives  rise  to  the  medial  lamina 
of  the  pterygoid  process,  the  mesenchyme  at  the  tip  of  the 
ossification  condensing  to  form  a  cartilaginous  hook-like 
structure  over  which  the  tendon  of  the  tensor  veli  palatini 
plays.  This  cartilage  later  ossifies  to  form  the  pterygoid 
hamulus,  the  medial  pterygoid  lamina  being  thus  a  combi- 
nation of  membrane  and  cartilage,  the  latter,  however, being 
a  secondary  development  and  quite  independent  of  the  chon- 
drocranium.  It  is  probable  also  that  the  upper  anterior 
angle  of  each  alisphenoid  is  formed  by  ossification  of  the 
mesenchyme  in  this  situation  and  recent  observations  seem 
to  show  that  the  lateral  lamina  of  llie  pterygoid  process 
develops  as  an  ossification  of  mesenchyme  situated  laterally 
to  the  medial  lamina  (Fawcett). 

The  lateral  pterygoid  lamina  early  unite  with  the  alisphe- 
noids,  by  the  sixth  month  the  lingul^  have  fused  with  t 
basisphenoid  and  the  orbitosphenoids  with  tlie  presphenoid 
and  a  little  later  the  basisphenoid  and  presphenoid  unite 
The  alisphenoids  and  medial  pterygoid  laminre  remain  sepi 
rate,  however,  until  after  birth,  fusing  with  the  remaininj 
portions  of  the  adult  bone  during  the  first  year. 

The  cartilage  of  the  ethmoidal  region  of  the  cliondro- 
craniuni  forms  somewhat  later  than  the  other  portions  and 
consists  at  first  of  a  stout  median  mass  projecting  down- 
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ward  and  forward  into  tlie  nasal  iimcess  (I'in;.  105.  //>}, 
and  two  lateral  masses  (lin).  situated  (nio  mi  fitlier  side 
in  the  mesenchyme  on  the  outer  side  of  each  <iliacti>ry  pit. 
Ossification  of  the  lateral  masses  or  ectcthiuculs  begins  rela- 
tively early,  but  it  appears  in  the  up|)cr  pari  of  the  median 
cartilage  only  after  birth,  producing  the  crista  galli  anil  the 
perpendicular  plate,  which  together  form  what  i-  ternx-'i  the 
mesethmoid.  When  first  formed,  the  three  cartilajic-;  nre 
quite  separate  from  one  aufither.  the  nlfactnry  ami  nasal 
nerves  passing  down  l>etwcen 
them  to  the  olfactory  pit,  but 
later  bony  tral>ecid:c  l>ejTin  to 
extend  across  from  the  meseth- 
moid to  tbe  upper  part  of  the 
ectethmoids  and  eventually  fonn 
a  fenestrated  horizontal  lamelia 
which  ossifies  to  form  the  cribri- 
form plate. 

The  lower  part  i>f  tbe  niedi;in 
cartilage  does  not  ossify.  Inif  ;i 
center  appears  on  each  side  cf  n,,- .1ki.|i-.1  iJiirn  roprcscut  oar- 
the  median  line  in  the  nicsni-  "l'>«'-  '/■-  (.nlirifc.nn  ['I'lj'': 
chyme  Ijehind  and  below  its  ]^•«-  in-l.l;  //■.p.r|uii,ii,-,iiiir|)l;iio: 
terior  or  lower  bonier.  Immui  ^p]„'.'i'i',',i!|  ''^'h;"';'o,'/ v/-!'!') 
these  centers  two  vertical  bmiy 

plates  develop  which  unite  by  llicir  uiedian  -iurfacc-  lu'low, 
and  above  invest  the  li>wcr  border  uf  ilie  c;ulil:i.L;c  and  I'urni 
the  fomcr.  The  pnrtinn  nf  the  carlila^'c  wliicii  is  lliu^  in- 
vested undergoes  rtsur]iliciii,  hut  tbe  more  aiitcriur  pnrtiims 
persist  to  form  the  c.irliljij^inntis  scpliun  of  ihc  imso.  The 
vomer,  consequently,  is  nut  really  a  ])<iriinn  nf  llie  clmndni- 
cranium,  but  isa  niembrano  Imne;  its  iiiliinalc  rclati.nis  with 
the  median  ethmoidal  carlila_ne,  linwcver,  make  it  cuiiveni- 
ent  to  consider  it  in  this  jilacc. 
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When  first  fomieil,  the  ectetlimoids  are  masses  of  spongy 
bone  and  show  no  indicatinn  of  the  honeycombed  appear- 
ance which  they  present  in  the  adult  skull.  This  condition 
is  produced  by  the  absorption  of  the  bone  of  each  mass  by 
evaginations  into  it  of  the  mucous  membrane  lining  the  nasal 
cavity.  This  same  process  also  brings  about  the  formation 
of  the  curved  plates  of  bone  which  project  from  the  inner 
surfaces  of  the  lateral  masses  and  are  known  as  the  superior 
and  middle  concha  (turbinated  bones).  The  inferior  and 
sphenoidal  conchic  are  developed  from  special  centers,  but 
belong  to  the  same  category  as  the  others,  being  formed 
from  portions  of  the  lateral  ethmoidal  cartilages  which  be- 
come almost  separated  at  an  early  stage  before  the  ossifica- 
tion has  made  much  progress.  Absorption  of  the  body  of 
the  sphenoid  bone  to  form  the  sphenoidal  cells,  of  the  frontal 
to  form  the  frontal  sinuses,  and  of  the  maxillaries  to  form 
the  maxillary  sinuses  is  also  produced  by  outgrowths  of  the  -I 
nasal  mucous  membrane,  all  these  cavities,  as  well  as  the 
ethmoidal  cells,  being  continuous  with  the  nasal  cavities  and 
lined  with  an  epithelium  which  is  continuous  with  the  mucous 
niemhrane  of  the  nose. 

In  the  lower  mammalia  die  erosion  of  the  mesial  surface  | 
of  the  ectethnioidal  cartilages  results,  as  a  rule,  in  the  forma- 
tion of  five  conchw,  while  in  man  but  three  arc  usually  rect^*  J 
nized.     Not  infrequently,  however,  the  human  middle  concha  J 
shows  indications,  more  or  less  marked,  of  a  division  into  a 
upper  and  a  lower  portion,  which  correspond  lo  the  third  ar 
fourth  bones  of  the  typical  mammalian  arrangement.     Further-  i 
more,  at  the  upper  portion  of  the  nasal  wall,  in  front  of  the  1 
superior  concha,  a  slight  elevation,  termed  the   a^ger  nasi,  1 
is  always  observable,  its  lower  edge  being  prolonged  downward  ' 
to  form  what  is  termed  the  uncinate  process  of  the  ethmoid. 
This  process  and  the  agger  together  represent  the  uppermost   ' 
concha  of  the  typical  arrangement,  to  which,  therefore,  the  I 
human  arrangement  may  be  reduced. 

A  number  of  centers  of  ossification — the  exact  number 
is  yet  uncert;iin — appear  in  the  pcriotic  capsule  during  the 
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later  portions  of  the  fifth  month,  and  during  the  sixth  month 
these  unite  together  to  form  a  single  center  from  which  the 
complete  ossification  of  the  cartilage  proceeds  to  form  the 
petrous  and  mastoid  portions  of  the  temporal  bone  (Fig. 
io6,  p).  The  mastoid  process  does  not  really  form  until 
several  years  after  birth,  being  produced  by  the  hollowing 
and  bulging  out  of  a  portion  of  the  j)etrous  bone  by  out- 
growths from  the  lining  membrane  of  the  middle  ear.  The 
cavities  so  formed  are  the  mastoid  cells,  and  their  relations 
to  the  middle-ear  cavity  are  in 
all  respects  similar  to  those  of 
the  ethmoidal  and  sphenoidal 
cells  to  the  nasal  cavities.  The 
remaining  portions  of  the  tem- 
poral bone  are  partly  formed  by 
membrane  bone  and  partly  from 
the  branchial  arch  skeleton. 
An  ossification  appears  at  the 
close  of  the  eighth  week  in  the 

,  1  •  1     r  .1        -1      Fig.  io6. — TheTf.mi'oral  I^onk 

membrane  which  forms  the  side       ^^     Birth.       The     Styloid 

of   the   skull    in    the    temporal      Process  and  Aiditory  Os- 

.  .  '  SICLES        ARE        NOT        KErRE- 

repon    and    gives    rise    to    a      sented. 

squamosal  bone   (s),  which  later    P>  Petrous  bono:  j   squamosal; 

unites  with  the  petrous  to  form 

the  squamosal  portion  of  the  adult  temporal,  and  another 
membrane  bone,  the  tympanic  (/),  devc]o]>s  fn^n  a  center 
appearing  in  the  mesenchyme  surrounilini;^  the  external 
auditory  meatus,  and  later  also  fuses  wiili  the  petrous  to 
form  the  floor  and  sides  of  the  external  meatus,  givini^ 
attachment  at  its  inner  edge  to  the  tympanic  membrane. 
Finally,  the  styloid  process  is  developed  from  the  upi)er  part 
of  the  second  branchial  arch,  whose  historv  will  he  consid- 
ered  later. 

The  various  ossifications  which  form  in  the  chondrocra- 
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Ilium  and  the  portions  of  the  adult  skull  which  represent 
ihera  are  shown  in  the  following  table : 


{Basioccipiial 
Exoccipitals 
Supraoccipital 

B  as  i  sphenoid 

Presphenoid 

Lingulae 

Alisphenoids 

Orbilosphenoids 

Meselhmoid 


Basilar  process. 
Condyles. 
Squamous  poriion 
perior  nuchal  lin 

[  Body. 

Greater  wings. 
Lesser  wings. 

{Lamina  perpend icu 
Crista  galli. 
Nasal  septum, 
{Lateral  masses. 
Sn perior  concha. 
Middle  concha. 


Mastoid. 


Periotic  cap.nle,   {^^^^ 

The  Membrane  Bones  of  the  Skull.— In  the  membrane 
forming  the  sides  and  roof  of  the  skull  in  the  second  stage 
of  its  development  ossifications  appear,  which  give  rise,  in 
addition  to  the  interparietal  and  squamosal  bones  already 
mentioned  in  connection  with  the  occipital  and  temporal,  to 
the  parielals  and  frontal.  Each  of  the  former  bones  de- 
velops from  a  single  center  which  appears  at  the  end  of 
the  eighth  week,  while  the  frontal  is  formed  at  about  the 
same  time  from  two  centers  situated  symmetrically  on  each 
side  of  the  median  line  and  eventually  fusing  completely 
to  form  a  single  bone,  although  more  or  less  distinct  indica- 
tions of  a  median  suture,  the  metopic,  are  not  infrequently 
present. 

Furthermore,  ossifications  appear  in  the  mesenchyme  of 
the  facial  region  to  form  the  nasal,  lachrymal,  and  sygomatic 
bones,  ail  of  which  arise  from  single  centers  of  ossification. 
In  the  case  of  each  zygomatic  bone,  however,  three  osseous 
thickenings  appear  on  the  inner  surface  of  the  original  ossi- 


I 
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fication,  which  then  disappears  and  the  thickenings  unite  to 
form  the  adult  bone,  though  occasionally  one  or  more  of 
their  lines  of  union  may  persist,  producing  a  bipartite  or 
tripartite  zygomatic. 

The  vomer,  which  has  already  been  described,  belongs 
also  strictly  to  the  category  of  membrane  bones,  as  do  also 
the  maxillse  and  the  palatines;  these  latter,  however,  pri- 
marily belonging  to  the  branchial  arch  skeleton,  with  which 
they  will  be  considered. 

The  purely  membrane  bones  in  the  skull,  are,  then,  the 
following : 

Interparietals,    Part  of  squamous  portion  of 

occipital. 

Squamosals, Squamous  portions  of  tem- 
porals. 

Tympanies,  Tympanic  plates  of  temporals. 

Parietals. 

Frontal. 

Nasals. 

Lachrymals. 

Zygomatics. 

Vomer. 

The  Ossification  of  the  Branchial  Arch  Skeleton. — It 
has  been  seen  (p.  i8o)  that  a  cartilaginous  bar  develops  only 
in  the  mandibular  process  of  the  first  branchial  arch.  In 
the  maxillary  process  no  cartilaginous  skeleton  forms,  but 
two  membrane  bones,  the  palatine  and  maxilla,  are  devel- 
oped in  it,  their  cartilaginous  representatives,  wliicli  are  to 
be  found  in  lower  vertebrates,  having  been  suppressed  by 
a  condensation  of  the  development.  The  palatiiic  bone 
develops  from  a  single  center  of  ossification,  but  for  each 
maxilla  no  less  than  five  centers  have  been  described  (Tig. 
107).  One  of  these  gives  rise  to  so  nuich  of  the  alveolar 
border  of  the  bone  as  contains  the  bicuspid  and  molar  teeth , 
a  second  forms  the  nasal  process  and  the  part  of  the  alveo- 
lar border  which  contains  the  canine  tooth ;  a  third  the  por- 
tion which  contains  the  incisor  teeth ;  while  the  fourth  and 
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'■'.»  ^\';iUMs  lie  ;iIk»vc  the  first  and  give  rise  to  the  inner  and 

>oi  ikMi^  oi  the  orbital  plate  and  the  body  of  the  bone. 

'c    n^i.  -^ocvMul,  fourth,  and  fifth  portions  early  unite  to- 

^v.i.'v.'..  '»ui  ilic  third  center,  which  really  lies  in  the  ven- 

i     ML  oi   ihc  nasal  pr<.>cess,  remains  separate  for  some 

;.;v..    i.:m:!ij;  what  is  tcrmeil  the  premaxilla,  a  bone  which 

v,u.»»  •..-    v:  iiMMcMilv  distinct  in  the  majority  of  the  lower 

'K    I  >v'vv    s  ilu"  i;cu^Tall>  accepted  view  as  to  the  develop- 
u     immIKi       Mall,  however,  maintains  that  it  has 

but  two  centers  of  ossification, 
one  giving  rise  to  the  pre- 
maxilla and  the  other  to  the 
rest  of  the  bone.  The  max- 
illary center  makes  its  appear- 
ance about  the  middle  of  the 
sixth  week. 

Since  the  condition  known 

'       .\  V  •  1  ui"\l\\-      ^^  hare-lip  results  from  a  fail- 

^'^v.  .*  V.  ^»*fc>  moM      ure  of  the  maxillary  process 

.^     s.  .V.V.  tw      I  i«K      to  unite  completely  with  the 

V......     .»A^'.w.u  ^  nu      frontonasal    process     (see    p. 

•..     \\^Vv.  ^^  ^'^   *^"^   since   the   premax- 

illa dovck^ps  in  the  latter  and 
.*v  v;ii!s».  l*»^*  ^'l**ft  "^*^y  P'^ss  between  these 
. .  . ...»    »Ki»  union  (  stT  also  p.  301 ). 

»   VvvKvl'^  Cartilage  passes  between  the 
>^    iH;  s»iHci  Hurlacc  of  the  periotic  cap- 
^x  V   IV  ai'l^nvntly  within  the  tympanic 
ASU<»ii  \»l  the  cartilage  divides  into 
^^  *   c  A*i»H  two  of  the  bones  of  the  mid- 
^  ti^-s   4»v    iKMv   a   ilescription   of   whose 
X  »A\\||H»ned  until  a  later  chap- 

b.  •  /  ^_..^^^  %^  lilf^*  U'  the  outer  side  of  the 

In  \  ' .  ._.      :;^. .. ..;:kv^'*«a  jVAilually  extends  to  form 


^  "^ 


;,    ,         .»T^ 


thk  -,.-^.„  ^^.^,..     .«^.v^  Ji  »h*  inaiidililo.  tlic  rallul^ 
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and  the  coronoid  process.  In  the  region  of  the  body  the 
boae  develops  so  as  to  enclose  the  cartilage,  together  with 
the  inferior  alvedar  (dental)  nerve  which  lies  to  the  outer 
side  of  the  cartilage,  but  in  the  r^on  of  the  ramus  the 
bone  remains  entirely  to  the  outer  side  of  the  cartilage  and 
nerve,  whence  the  positicm  of  the  numdibular  foramen  on 
the  inner  surface  of  the  adult  bone.  The  portion  of  Meck- 
el's cartilage  extending  from  the  symphysis  to  the  level  of 
the  mental  foramen  ossifies  to  form  the  mental  portion  of 
the  mandible,  but  throughout  the  rest  of  the  body  of  the 
bone  it  disappears,  while  the  portion  above  the  mandibular 
foramen  is  said  to  become  transformed  into  fibroiis  connec- 
tive tissue  and  to  persist  as  the  spheno-mandibular  ligament. 
At  the  upper  extremity  of  the  bony  ramus  two  nodules  of 
cartilage  develop,  quite  independently,  however,  of  Meck- 
el's cartilage,  and  these  ossify  to  form  the  condyloid  and 
coronoid  processes,  so  that  each  half  of  the  mandible  is 
formed  of  membrane  bone,  with  cartilage  l)one  at  each 
extremity. 

The  upper  part  of  the  cartilage  of  the  second  branchial 
arch  also  comes  into  relation  with  the  tympanic  cavity 
and  ossifies  to  form  the  styloid  process  of  the  temporal 
bone.  The  succeeding  moiety  of  the  cartilage  undergoes 
degeneration  to  form  the  stylo-hyoid  ligament,  while  its 
most  ventral  portion  ossifies  as  the  lesser  cormi  of  the 
hyaid  hone.  The  gjeat  variability  which  may  be  observed 
in  the  length  of  the  styloid  processes  and  of  the  lesser 
oomua  of  the  hyoid  depends  upon  the  extent  to  which  the 
ossification  of  the  original  cartilage  proceeds,  the  length 
of  the  stylo-hyoid  ligaments  being  in  inverse  ratio  to  the 
length  of  the  processes  or  cornua.  The  greater  caniua  of 
the  hyoid  are  formed  by  the  ossification  of  the  cartilages 
of  the  third  arch,  and  the  body  of  the  bone  is  formed  from 
a  cartilaginous  plate,  the  copula,  which  unites  the  ventral 
ends  of  the  two  arches  concerned. 
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Finally,  the  cartilages  of  the  fourth  and  fifth  branchial 
arches  early  fuse  together  to  form  a  plate  of  cartilage,  and 
the  two  plates  of  opposite  sides  unite  by  their  ventral  edges 
to  form  the  thyreoid  cartilage  of  the  larynx. 


r^ 


Fig.   iqR,— Dja 


i  Cate<wiiies  to  which 

:ri.L  Beu>no. 
The  unshaded  bones  arc  mcmlirane  bones,  the  heavily  shaded  repi 
sent  the  chondrocranium,  while  the  black  represents  the  branchi_ 
arch  elemenia.  AS,  Alisphenoid;  ExO.  exoccipital;  F.  frontal' 
Hy,  hyoid;  //',  interparietal;  Z,  xygomatic:  A/r.  mandible:  Mr^ 
maxilla;  NA,  nasal;  P,  parietal;  Pe,  penolic;  SO.  siipraoccipitat ; 
Sq,  squamosal;  .S'l,  styloid  process;  Th,  thyreoid  cartilage;  Ty, 
tympanic 

The  accompanying  diagram  (('"ig.  108)  shows  the  vari- 
ous stniclure*  derived  from  tlic  hranchial  arch  skclelon.  as 


i 
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rwcll  aii  some  ni  the  nthcr  dements  of  the  skull,  and  a 
resume  of  the  fate  uf  the  tiranchial  ardies  may  be  stated  in 
tabular  form  as  follows,  the  part^  rqiccsented  by  cartilage 
which  becomes  rcf^ced  b>-  membrane  bone  being  printed  in 
iuHcs,  wbile  membnne  Nmics  nbidi  have  no  cartilaginoiu 
rqircscntatives  arc  enclosed  in  bradcets: 

f  <M«xitMd 

(PaUtlna 

J    M.Pru».^ 

"•   "^^ I   l«..v 

Sphnm  nundibular   ligamcnL 

(Siyl'.>i<I    ;'to«u    of    the    tcmporaL 
Stilo  liv>l<t  ligament. 
U-.MT  lormi  of  hyoid. 

J<l    arch Gn-ater  cnmu  of  hyoid. 

4lh  nn<l  5Ih  arches, Thyreoid  tartilage  of  larynx. 

The  Development  of  the  Appendicular  Skeleton. — 

While  the  Krc:iler  iiortion  nf  tlit-  axial  skeleton  is  formed 

from  the  sclcnjtumcs  of  the  iiicstxlermic  somites,  the  ap- 

sidicylar  skeleton  is  derive'!   from  the  somatic  mesen- 

Siyme,  which  is  not  divided  into  metamcres.     This  mesen- 

^ymc  forms  the  core  of  the  limb  bud  and  l)econies  con- 

irtcil  into  cartilage,  by  the  {)ssification  of  which  all  the 

mes  of  the  liiiil>s,  with  the  pnssihle  exception  of  the  clavi- 

pe,  are  formed. 

Of  the  b(iiies  of  tlie  pectoral  girdle  the  clavicle  requires 
[urthcr  study  before  it  can  l)e  ceitain  whether  it  is  to  be 
[arded  as  a  purely  carlilaj^e  lume  or  as  a  combination  of 
lartilage  and  membrane  iissiticiilions  (Gegcnbaur).  It  is 
fie  first  bone  of  the  skeleton  lu  nssify,  two  centers  appear- 
""  f —  eat-h  Ixnie  at  abmit  the  sixth  week  of  development, 
ue  in  which  the  ixssiricaiinns  form  has  certain  pecu- 
era,  and  it  is  difficult  to  say  whether  it  is  to  be 
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regarded  as  cartilage  whicli,  on  account  of  the  early  differ- ' 
entiatiun  of  the  center,  has  not  yet  become  thoroughly  I 
differentiated  histologically,  or  as  some  other  form  of  con- 
nective tissue.  However  that  may  be,  true  cartilage  (level-  I 
ops  on  either  side  of  the  ossifying  region,  and  into  this  the  I 
ossification  gradually  extends,  so  that  at  least  a  portion  of  | 
the  bone  is  preformed  in  cartilage. 
The  scapulti  is  at  first  a  single  plate  of  cartilage  in  which] 
two  centers  of  ossification  I 
appear.  One  of  these  t 
gives  rise  to  the  body  and  1 
the  spine,  while  the  other  I 
produces  the  coracoid  proc-  I 
ess  (Fig.  109,  Co),  the  j 
rudimentary  representative  1 
of  the  coracoid  Iwne  which  { 
extends  Ijetween  the  scap-  1 
ula  and  sternum  in  the  j 
lower  vertebrates.  The  I 
ci  >racoid  does  not  unite  1 
with  the  body  until  alxiutJ 
ihe  fifteenth  year,  and  sec-l 
nndary  centers  which  giv< 
rise  In  the  vertebral  edgef 
»nd  (fe)  and  inferior  angle  oiM 
"^'  the  bone  (u)  and  to  t\)sM 
acmminn  process  (c)  i 
wilh  the  rest  of  the  Iwmc  at  nUiut  the  twentieth  year. 

The  humerus  and  the  Ijones  of  the  forearm  are  typici 
long  bones,  each  of  which  develops  fmni  a  primary  center,! 
which  gives  rise  to  the  shaft,  and  has,  in  addition,  two  ofB 
more  epiphysial  centers.  In  the  humerus  an  epiphysial! 
center  appears  for  the  head,  another  for  the  greater  tnlier- 
osity.  and  usually  a  third  for  the  lesser  lulwrosity.  whilc'l 
at  the  distal  end  there  is  a  center  for  each  condyle,  one  for  I 


Fic.    loy,— TiiF,    Ossii 

TEKS  OK  THE  SCAPKLA. 

a,  b,  and  c,  Secondary  ctnter 
the  angle,  verlcbral  border, 
acromiotiT  co,  center  for  tlie 
coid  process. —  (7Vi(u/.) 
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the  trochlea  and  one  for  the  capituluni.  the  fusion  of  these 
I  various  epiphyses  with  the  shaft  taking  place  Iwtween  the 
I  seventeenth  and  twentieth  years.  The  radius  and  ulna  each 
I  pijsses.s  a  single  epiphysial  center  for  eacii  extremity  in  addi- 
I  tion  to  the  primary  center  fur  the  shaft,  and  the  ulna  ikis- 

sesses  also  an  epiphysial  center  for  the  olecranon  process. 

The  embryological  development  of  the  tiirpus  is  smnc- 

k^liat  complicaled.     A  cartilafje  is  funnd  rcprcsunling  each 

'  of  the  iKines  nonnally  occurring  in  ihe  adnli  ( l'"'t,'-  i'"). 

and   these  are  arranged 

in  two  distinct  rows:  a 

pro.ximal  one  consisting 
I  of  three  elements,  named 

from    their    relation    lo 

the  U^ies  of  the    foru- 

arm,    radktlc.    intcnui-- 
I   dium,  and  uliuirc;  and  a 

distal   one   composed   of 
I  four    elements,    tenncii 

carpalui.     In  addition,  a 
i  cartilage,      termed      the 

pisiform,  is  foimd  on  the  Yh. 
L  ulnar  side  of  the  proxi 


I  Em- 


10.— Rk-onstrkition  Ulf 
iiHVuHic  Cakpus. 
1         ,  ,  .  ,,1,  Ceiitralc;  fi*,  triquetral:  (b,  lunnte; 

I  mal  row  and  is  generally  ,„,  capitate;  f.  pisiJorm!  sc.  nuviciilar; 
1  regarded  as  a  sesamoid  '•  s"*?'"  mult«nB..lar ;  Ir,  lesser  miil- 
I       "  tangriilar;  «,  hamate. 

[  cartdage  developed  in  the 

[  tendon  of  the  Hexor  carpi  nlnaris;  and  furthermore  a  number 
I  of  inconstant  cartilages  have  been  observed  whose  signiti- 
j-cance  in  the  majority  of  cases  is  more  or  less  obscnre. 
I  These  accessory  cartilages  either  disappear  in  later  stages 
lof  development  or  fuse  with  neighboring  cartilages,  or.  in 
■  rare  cases,  ossify  and  form  distinct  elements  of  the  carpus. 
One  of  them,  however,  wciirs  so  frecpienlly  as  almost  to 
■i:^ese^^'e  class ilicat ion  as  a  constant  element;  it  is  known  as 
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the  cctitralc  (Fig-  no,  c)  and  occupies  a  position  between 
the  cartilages  of  the  proximal  and  distal  rows  and  appa- 
rently corresponds  to  a  cartilage  typically  present  in  lower 
forms  and  ossifying  to  form  a  distinct  bone.  In  the  human 
carpus  its  fate  varies,  as  it  may  either  disappear  or  unite 
with  other  cartilages,  that  with  which  it  most  usually  fuses 
being  probably  the  radiale.  There  is  evidence  also  to  show- 
that  another  of  the  accessory  cartilages  unites  with  the 
ulnar  element  of  the  distal  row,  representing  the  carpale  v 
typically  present  in  lower  forms. 

Each  of  the  elements  corresponding  to  an  adult  bone 
ossifies  from  a  single  center  with  the  exception  of  carpale 
iV'rV  which  has  two  centers,  a  further  indication  of  its 
composite  character.  The  relation  of  the  cartilages  to  the 
adult  bones  may  be  seen  from  the  table  given  on  page  198. 
With  regard  to  the  metaciirpals  and  phalanges,  it  need 
merely  be  stated  that  each  develops  from  a  single  primary 
center  for  the  shaft  and  one  secondary  epiphysial  center. 
The  primary  center  appears  at  about  the  middle  of  the  shaft 
except  in  the  terminal  phalanges,  in  which  it  appears  at  the 
distal  end  of  the  cartilage.  The  epiphyses  for  the  meta- 
carpals are  at  the  distal  ends  of  the  bones,  except  in  the 
case  of  the  metacarpal  of  the  thumb,  which  resembles  the 
phalanges  in  having  its  epiphysis  at  the  proximal  end. 

Each  inttominaic  bone  appears  as  a  somewhat  oval  plate 
of  cartilage  whose  long  axis  is  directed  almost  at  right 
angles  to  the  vertebral  column  and  which  is  in  close  rela- 
tion with  the  fourth  and  fifth  sacral  vertebr.-r.  As  devel- 
opment proceeds  a  rotation  of  the  cartilage,  accompanied 
by  a  slight  shifting  of  position,  occurs,  so  that  eventually 
the  plate  has  its  long  axis  almost  parallel  with  the  vertebral 
column  and  is  in  relation  with  the  first  three  sacrals.  Ossi- 
fication appears  at  three  jioints  in  each  cartilage,  one  in  the 
upper  i>art  to  form  the  ilium  (Fig.  iii.  iV)  and  two  in  the 
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lower  .part,  the  anterior  of  these  giving  rise  to  the  pubix 
{p),  while  the  posterior  produces  the  ischium  (is).  At 
tnrtli  these  three  bones  are  still  separated  from  one  another 
by  a  Y-shaped  piece  of  cartilage  whose  three  limbs  meet  at 
the  bottom  of  the  acetabulum,  but  later  a  secondary  center 
appears  in  this  cartilage  and  unites  the  tiiree  bones  tngether. 
The  central  part  of  the 
lower  half  of  each  original 
cartilage  plate  does  not 
undergo  complete  cliondri- 
fication,  but  remains  mem- 
branous, constituting  the 
obturator  membrane  which 
closes  the  obturator  fora- 
men. 

In  addition  to  the  Y- 
shaped  secondary  center, 
other  epiphysial  centers 
appear  in  the  prominent 
portions  of  the  cartilage, 
such  as  the  pubic  crest 
(Fig.  Ill,  c),  the  ischial     '"''oF^m:T)f^TsV<'<\iii\^■^^l" 

tuberosity  (d),  the  anterior    a,  h,  c,  ;imi  J,  Si.Mii<lury  c.nlirs  fur 

inferior  spine  (&)  and  the      syni|li[yslV"uc7'Ndii!LVi\Xr"sii^^^ 
crest  of  the  ilium  («).  ami      ','y'.''I")'j  '^'  '"■'''""'■  ''■  ''"'''-■  " 
unite  with  the  rest  of  the 
bone  at  about  the  twentieth  year. 

The  femur,  tibia,  and  Hbtila  each  (Icvtii.p  frnm  a  sin;,'k' 
primary  center  for  the  shaft  and  an  ii|1]ht  ami  a  luwiT 
epiphysial  center,  the  femur  jxisscssinfj,  in  addition,  qii- 
physial  centers  for  the  greater  and  lesser  trochanters  (l-'ig. 
91).  The  patella  docs  not  l>eiong  to  the  same  catejjory 
as  the  other  bones,  bnt  resembles  the  pisiform  hone  of  the 
carpus  in  being  a  sesamoid  Ijonc,  developed  in  the  tendfin 
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of  the  quadriceps  extensor  cruris.  Its  cartilage  does  not 
appear  until  the  fourth  month  of  intrauterine  Hfe,  when 
most  of  the  primary  centers  for  other  l)ones  have  already 
appeared,  and  its  ossification  does  not  begin  until  the  third 
year  after  birth. 

The  tarsus,  like  the  carpus,  consists  of  a  proximal  row 
of  three  cartilages,  termed  the  tibialc,  the  intermedium,  and 
the  fibularc,  and  of  a  distal  row  of  four  tarsalia.  Between 
these  two  rows  a  single  cartilage,  the  ceutrale,  is  interposed, 
luich  of  these  cartilages  ossifies  from  a  single  center,  that 
of  the  intermedium  early  fusing  with  the  tibiale,  though  it 
occasionally  remains  distinct  as  the  os  trigonutn,  and  from 
a  comparison  with  lower  forms  it  seems  probable  that  the 
fibular  cartilage  of  the  distal  row  really  represents  two 
separate  elements,  there  being,  properly  speaking,  five  tar- 
salia instead  of  four.  The  fibulare,  in  addition  to  its  pri- 
mary center,  possesses  also  an  epiphysial  center,  which 
develops  at  the  [Hnni  of  insertion  of  the  tendo  Achillis. 

A  comi>aris()n  of  the  carpal  and  tarsal  cartilages  and 
their  relations  to  the  adult  bones  mav  Ik*  seen  from  the  fol- 
lowing  table: 


Carpus. 


Tarsus. 


Cartilages. 


ItoUCS 


Radiale 

Intermedium 

Ulnarc 

Sesamoid  cartilage 

Centrale 


Carpal  e  I 
Carpale  1 1 
C^arpale  III 
C^arpale  IV 
Carpiile     V 


\ 


Navicular 
1  .unate 
Triquetral 
Pisiform 

Fuses  with  navicu- 
lar 
CtT.  multangular 
Ix?ss.  multangular 
Capitate 

Hamate 


Bon«*s 

Talus 
Calcaneus 


Navicular 

1st  C^meiform 
2d  Cuneirorni 
3d  (unci ft >i Ml 

CulM)id 


Cartilages. 

f  Tihiale 
(  Intermedium 
Fibulare 


Centrale 


I 


Tarsalc      I 
Tarsale    II 
Tarsale  1 1 1 
Tarsale    IV 
Tarsale     V 


The  development  (^f  the  metatarsals  and  phalanges  is 
exactly  similar  to  that  of  the  corresi)onding  bones  of  the 
hand  (sec  p.  i(>6). 


DKVKLOl'MKNT    OF    THK    JOINTS.  Uj^J 

The  Development  of  the  Joints. — The  nicseiichynic 
which  primarily  represents  each  vertel)ra,  or  the  skull,  or 
the  skeleton  of  a  limb,  is  at  first  a  continuous  mass,  and 
when  it  becomes  converted  into  cartilage  this  .ilso  may  bo 
continuous,  as  in  the  skull,  or  may  appear  as  a  number  of 
distinct  parts  united  by  unmodified  portions  of  the  mesen- 
chyme. In  the  former  case  the  various  ossifications  as  they 
extend  will  come  into  contact  with  their  neighbors  and  will 
either  fuse  with  them  or  will  articulate  with  them  directlv, 
forming  a  suture. 

When,  however,  a  jw^rtion  of  unmodified  mesenchyme 
intervenes  between  two  cartilages,  the  mode  of  articulation 
of  the  bones  formed  from  these  cartilages  will  vary.  The 
intermediate  mesenchyme  may  in  time  undergo  chondrifi- 
cation  and  unite  the  l)ones  in  an  almost  immovable  articu- 
lation known  as  a  synchondrosis  (c.  ^i^.,  the  sacroihac  articu- 
lation) ;  or  a  cavity  may  appear  in  the  center  of  the  inter- 
vening cartilage  so  that  a  slight  anmunt  of  movement  of 
the  two  bones  is  possible,  forming  an  ani/^liiartlirosis  (c.  i^., 
the  symphysis  pubis)  ;  or,  finally,  the  intermediate  mesen- 
chyme may  not  chondrify,  but  its  peripheral  i)ortions  may 
become  converted  into  a  dense  sheath  of  connective  tissue 
(Fig.  112,  c)  which  surrounds  the  adjacent  ends  of  tlie 
two  bones  like  a  sleeve,  forming  the  articular  capsule,  while 
the  central  portions  degenerate  to  form  a  cavity.  The  l)ones 
which  enter  into  such  an  articulation  are  nmrc  nr  loss  freclv 
movable  ujxni  one  another  and  the  joint  is  termed  a  diar- 
throsis  {e,  /f.,  the  knee-  or  shoulder- j<.)intV 

In  a  diarthrosis  the  connective-tissue  cells  near  the  inner 
surface  of  the  capsule  arrange  themselves  in  a  layer  to  form 
a  synovial  membrane  for  the  joint,  and  portions  of  the  cap- 
sule may  thicken  to  form  special  bands,  the  reinforcing 
ligaments,  while  other  strong  fibrous  bands,  which  may  pass 
from  one  bone  to  the  other,  forming  accessory  ligaments, 
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are  slinwn  by  comparative  studies  to  be  in  many  cases  de- 
(jenerateil  portions  of  what  were  originally  muscles. 

In  certain  cliarthroses,  such  as  the  temporo-mandibular 
and  stenio-claviciilar,  tlie  whole  of  the  central  portions  of 
the  intermediate  mesenchyme  does  not  degenerate,  but  it 
is  converted  into  a  fibro-cartilage,  between  each  surface  of 
which  and  the  adjacent  l)one  there  is  a  cavity,     lliese  inter- 
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Toe  in  am  Embivo  nr  4.5  cm. 
/,  Articular  caiisiile ;   ■',  inlcrmeiliatc  mcscnchytne  which  has  almost 

ilimilipcarcil  in  the  cenirr;  p'  and  p',  cartilages  oE  the  6rst  and 

lecuiit]  phalaiiRes.— {WiVAofaj.) 

articular  cartilages  seem,  in  the  sterno-clavicular  joints,  to 
represent  the  stenial  ends  of  a  bone  existing  in  lower  verte- 
lirateN  ami  known  as  tiie  precoracoid ,  hut  it  seems  doubtful 
if  thnse  iif  the  Icinporo-mandibular  joints  have  a  similar 
»iifjiiitic:incc,  the  most  recent  observations  on  their  develop- 
ment tending  to  asstjciate  Ibcm  with  the  external  plerygoid 
MUiscles  (Kjclllwrg). 
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CHAPTKR    VIII. 

THE  DEVELOPMENT  OF  THE  MUSCULAR 

SYSTEM. 

Two  foniis  of  muscular  tissue  exist  in  tlie  luunan  IhmIv, 
the  striated  tissue,  which  forms  the  skeletal  muscles  and  is 
under  the  control  of  the  centnil  nervous  system,  and  the 
non-striated,  which  is  controlled  hv  the  synii)athetic  ner- 
vous system  and  is  found  in  the  skin,  in  the  walls  of  the 
digestive  tract,  the  bh^od-vessels  and  lymphatics,  and  in 
connection  with  the  genito-urinary  apparatus.  In  the  walls 
of  the  heart  a  muscle  tissue  occurs  which  is  fretiuently  re- 
garded as  a  third  form,  characterized  l>y  heinj:^  under  con- 
trol of  the  sympathetic  system  and  yet  heinjj;^  striated;  it 
is,  however,  in  its  origin,  nuich  more  nearly  allied  to  the 
non-striated  than  to  the  striated  form  of  tissue,  and  will 
be  considered  a  variety  of  the  former. 

The  Histogenesis  of  Non-striated  Muscular  Tissue. — 
Non-striated  muscular  tissue  is  formed  by  the  direct  con- 
version of  mesenchyme  cells  into  muscIe-fibcrs.  the  exact 
details  of  the  conversion  beinji^  as  yet  unknown.  The 
fillers  arc  sometimes  more  or  less  scattered  in  the  i^^eneral 
connective  tissue  or  may  be  j^nmped  into  small  bundles  nr 
into  layers.  They  are  formed  from  the  mesencliyme  of  the 
somatic  and  splanchnic  layers  of  the  mesoderm,  but  api)a- 
rently  never  from  the  mesodermic  somites. 

The  cells  from  which  the  heart  musculature  develoi)s  are 

at  first  of  the  usual  well  defined  embryonic  tyjK*,  but,  as 

development  proceeds,  they  become  irre.t^ularly  stellate  in 

form,  the  processes  of  nei^diborinji^  cells   fuse  and,  even- 
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tually,  there  is  formed  a  coiitiiiuoiis  mass  of  protoplasm  or 
syncytium  in  which  all  traces  of  cell  boundaries  are  lacking 
(I'ig.  113).  While  the  individual  cells,  or  myoblasts  as 
tliey  are  termed,  are 
still  recognizable,  gran- 
ules apijear  in  their  cyto- 
plasm, and  these  arrange 
IJiemselves  in  rows  and 
unite  to  form  slender 
fibrils,  which  at  first 
ilo  not  extend  beyond 
the  limits  of  the  myo- 
blasts in  which  they 
have  appeared,  but  later, 
as  the  fusion  of  the 
cells  proceeds,  are  con- 
tinued from  one  cell 
territory  into  the  other 
through  considerable 
stretches  of  tJie  syncy- 
tium, without  regard  to 
the  original  cell  areas. 
The  fibrils  multiply,  apparently  by  longitudinal  division, 
and  arrange  themselves  in  circles  around  areas  of  the  syn- 
cytium (compare  Fig.  114).  As  the  multiplication  of  the 
fibrils  continues  those  newly  formed  arrange  themselves 
around  the  interior  of  each  of  the  original  circles  and  grad- 
ually occupy  the  entire  cytoplasm,  or  sarcoplasm  as  it  may 
now  l)e  tenned,  except  immediately  around  the  nuclei 
where,  even  in  the  adult,  a  certain  amount  of  undifferen- 
tiated sarcoplasm  persists.  Tlie  fibrils  when  first  formed 
are  apparently  homogeneous,  but  later  they  Ijecome  differ- 
entiated into  two  distinct  substances  which  aliernate  with 
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one  another  throughout  the  length  of  the  lihril  ;iiul  protluci: 
the  characteristic  transverse  strialion  ot  the  tissue.  l''iii:i!ly 
stronger  interrupted  transverse  bands  of  i^i-calleii  ccnient 
substance  appear,  dividing  the  tissue  into  areas  which  havi' 
usually  been  r^arded  as  representing  the  original  myo- 
blasts, but  are  really  devoid  of  significance  as  cells,  the 
tissue  remaining,  strictly  speaking,  a  syncytium. 

The  Histogenesis  of  Striated  Muscle  Tissue. — The 
histogenesis  of  striated  or  voluntary  muscle  tissue  rcsenihlcs 


very  closely  that  which  has  jnst  been  rlcscrihed  fur  the 
heart  muscle.  There  is  a  similar  fruniatiun  nf  a  syucylinm 
by  the  fusion  of  the  cells  of  the  myfilimios,  an  a])|K-arant'e 
of  granules  which  unite  to  form  fibril-i,  an  increase  nf  the 
fibrils  by  longitudinal  division  and  a  primary  arrangi-inent 
of  the  fibrils  around  the  periphery  of  areas  of  sanii]ilasin 
(Fig.  114),  each  of  which  rcprc-cnt^  a  muscle  lihrc.  In 
addition  there  is  an  active  proliferation  i.i  ilie  iiuilei  of  the 
original  myoblasts,  the  new   nuclei   arranj,'iiifj  lliem-clve-. 
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more  or  less  regularly  in  rows  and  later  migrating;  from 
their  original  central  position  to  the  periphery  of  the  fibers, 
and.  in  the  limb  muscles,  the  development  is  further  compli- 
cateil  by  a  process  of  degeneration  which  affects  groups  of 
muscle  fibers,  so  that  bundles  of  normal  fillers  are  separated 
by  strands  of  degenerated  tissue  in  which  the  fibrils  have 
disappeared,  the  nuclei  have  become  pale  and  the  sarcoplasni 
vacuolated  and  homogeneous.  Later  the  degenerated  tissue 
seems  to  disap]>ear  entirely  and  mesenchymatous  connective 
tissue  grows  in  between  the  persisting  fibers,  grouping  them 
into  bundles  and  the  bundles  into  the  individual  muscles. 

So  long  as  the  formation  of  new  fibrils  continues,  the 
increase  in  the  thickness  of  a  muscle  is  probably  due  to 
a  certain  extent  to  an  increase  in  the  actual  number  of 
fibers,  which  results  from  the  division  of  those  already  exist- 
ing. Subsequently,  however,  this  motle  of  growth  ceases, 
the  further  increase  of  the  muscle  depending  upon  an  in- 
crease in  size  of  its  constituent  elements  (Macallum). 

The  Development  of  the  Skeletal  Muscles. — It  has 
already  been  pointed  uut  that  all  the  skeletal  muscles  of  the 
body,  with  the  exception  of  those  connected  with  the  bran- 
chial arches,  are  derived  from  the  myotomes  of  the  meso- 
dermic  somites,  even  the  limb  muscles  possibly  having  such 
an  origin,  although  llie  cells  of  the  tissue  from  which  the 
muscles  of  the  linih  buds  form  lack  an  epithelial  arrange- 
ment and  are  indistinguishable  from  the  somatic  mesen- 
chyme which  forms  the  axial  cores  of  the  limbs. 

The  various  fibers  of  each  myotome  are  at  first  ktosely 
arranged,  Init  later  they  become  more  compact  and  are 
arrangeii  |)arallel  with  one  another,  their  long  axes  being 
direcieil  antcro-|H>steriorly,  This  stage  is  also  transitory, 
however,  the  fibers  of  each  myotome  undergoing  various 
niodifjcaiions  to  pHwluce  the  conditions  existing  in  the  adult, 
in  which  the  original  segmental  arrangement  of  the  fillers 
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can  be  perceived  in  comparatively  few  muscles.  The  exact 
nature  of  these  modifications  is  almost  unknown  from  direct 
observation,  but  since  the  relation  between  a  nerve  and  the 
myotome  belonging*  to  the  same  segment  is  established  at 
a  very  early  period  of  development  and  persists  throughout 
life,  no  matter  what  changes  of  fusion,  splitting,  or  migra- 
tion the  myotome  may  undergo,  it  is  possible  to  trace  out 
more  or  less  completely  the  history  of  the  various  myotomes 
by  determining  their  segmental  innervation.  It  is  known, 
for  example,  that  the  latissimus  dorsi  arises  from  the  seventh 
and  eighth*  cervical  myotomes,  but  later  undergoes  a  migra- 
tion, becoming  attached  to  the  lower  thoracic  and  lumbar 
vertebrcC  and  to  the  crest  of  the  ilium,  far  away  from  its 
place  of  origin  (Mall),  and  yet  it  retains  its  nerve-supply 
from  the  seventh  and  eighth  cervical  nerves  with  which  it 
was  originally  associated,  its  nervc-suj)j)Iy  consequently  in- 
dicating the  extent  of  its  migration. 

By  following  the  indications  thus  afforded,  it  may  be  seen 
that  the  changes  which  occur  in  the  niyoionics  may  be  re- 
ferred to  one  or  more  of  the  following  processes : 

1.  A  longitudinal  splitting  intn  two  or  more  portions,  a 
pnKess  well  illustrated  by  the  trapezius  and  sternoniastoid, 
which  have  differentiated  by  the  longitudinal  splitting  of  a 
single  sheet  and  contain  therefore  p«>rtions  of  the  same  myo- 
tomes. The  sterno-hvoid  and  oniohvojd  have  also  dilTer- 
entiated  by  the  same  process,  and.  indeed,  it  is  of  frecpient 
occurrence. 

2.  A  tangential  splitting  into  two  or  more  layers.  Ex- 
amples of  this  arc  also  abundant  and  are  alTorded  by  the 
muscles  of  the  fourth,  fifth,  and  sixth  layers  of  the  back, 
as  recognized  in  iMiglish  text-books  of  anatomy,  by  the  two 

*Tliis  i-iinnu'r:ttinn  is  liasid  r^n  coiivcnii'tioi"  in  a.ssociatinjf  the  myo- 
tonies with  the  lUTvi's  wliicli  supply  thi-in.  'Ilu*  my(»tt)inrs  nuMitioned 
arc  those  which  o^rrespoiKl  U\  the  sixth  and  seventh  cervical  vcrtehrae. 
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obliiiue  and  the  transverse  layers  of  the  abdominal  walls,  anri 
l>y  tlie  intercostal  muscles  and  the  transversus  of  the  thorax. 

3.  A  fusion  of  portions  of -successive  myotomes  to  form 
a  single  muscle,  again  a  process  of  frequent  occurrence,  and 
well  illustrated  by  the  rectus  abdominis  (which  is  formed  by 
the  fusion  of  the  ventral  portions  of  the  last  six  or  seven 
thoracic  myotomes)  or  by  the  superficial  portions  of  the 
erector  spinae. 

4.  A  migration  of  parts  of  one  or  more  myotomes  over 
others.  An  example  of  this  process  is  to  be  found  in  the 
latissimus  dorsi,  whose  history  has  already  been  referred  to, 
and  it  is  also  beautifully  shown  by  the  serratus  anterior  and 
the  trapezius,  both  of  which  have  extended  far  Ijeyond  the 
limits  of  the  seginents  from  which  they  are  derived. 

5.  A  degeneration  of  portions  or  the  whole  of  a  myotome. 
This  process  has  played  a  very  considerable  part  in  the  evo- 
lution of  the  muscular  system  in  the  vertebrates.  When  a 
muscle  normally  degenerates,  it  becomes  converted  into  con- 
nective tissue,  and  many  of  the  strong  aponeurotic  sheets 
which  occur  in  the  body  owe  their  origin  In  this  process. 
Thus,  for  example,  the  aponeurosis  connecting  the  occipital 
and  frontal  portions  of  the  occipito- frontalis  is  due  to  this 
process  and  is  muscular  in  such  forms  as  the  lower  monkeys, 
and  a  good  example  is  also  to  be  found  in  the  aponeurosis 
which  occupies  the  interval  lietwcen  the  superior  and  inferior 
serrati  postici,  these  two  muscles  Ix-Jng  cnnlinuous  in  lower 
forms.  The  strong  lumbar  aponeurosis  and  the  aponeu- 
roses of  the  oblique  and  transverse  muscles  of  the  abdomen 
are  also  good  examples. 

Indeed,  in  comparing  one  of  the  mammals  with  a  mem- 
ber of  one  of  the  lower  classes  of  vertebrates,  the  greater 
amount  of  connective  tissue  comparetl  with  the  amount  of 
muscular  tissue  in  the  former  is  very  striking,  the  inference 
being  tliat  these  connective-tissue  structures  (fasciae,  apo- 


DFA'KLOPMENT    OF    SKKI.KTAI.    MTSCLES.  2O9 

neuroses,  ligaments)  represent  portions  of  the  muscular 
tissue  of  the  lower  form  ( Iiar(lele])en).  Many  of  the  acces- 
sory ligaments  occurring  in  connection  with  diarthrodial 
joints  apparently  owe  their  origin  to  a  degeneration  of 
muscle  tissue,  the  fibular  lateral  ligament  of  the  knee-joint, 
for  instance,  being  probably  a  degenerated  portion  of  the 
l)eroneus  longus,  while  the  sacro-tuberous  ligament  ap- 
pears to  stand  in  a  similar  relation  to  the  long  head  of  the 
biceps  femoris  (Sutton). 

6.  Finally,  there  may  be  associated  with  any  of  the  first 
four  processes  a  change  in  the  direction  of  the  muscle-fibers. 
The  original  antero-ix)sterior  direction  (^f  the  fibers  is  re- 
tained in  comparatively  few  of  the  adult  muscles  and  excel- 
lent examples  of  the  pnKess  here  referred  to  are  to  be  found 
in  the  intercostal  muscles  and  the  muscles  of  the  abdominal 
walls.  In  the  musculature  associated  with  the  branchial 
arches  the  alteration  in  the  direction  of  the  fibers  occurs 
even  in  the  fishes,  in  which  the  original  direction  of  the 
muscle-fil)ers  is  very  perfectly  retained  in  other  myotomes, 
the  branchial  muscles,  however,  being  arranged  parallel  with 
the  branchial  cartilages  or  even  passing  dorso-ventrally  be- 
tween the  upper  and  lower  portions  of  an  arch,  and  so  form- 
ing what  may  be  regarded  as  a  constrictor  of  the  arch. 
This  alteration  of  direction  dates  back  so  far  that  the  con- 
strictor arrangement  may  well  be  taken  as  the  primary  con- 
dition in  studying  the  changes  which  the  branchial  muscu- 
lature has  undergone  in  the  mammalia. 

It  would  occupy  too  much  space  in  a  work  of  this  kind 
to  consider  in  detail  the  history  of  each  one  of  the  skeletal 
muscles  of  the  human  body,  Imt  a  statement  of  the  general 
plan  of  their  development  will  not  be  out  of  place,  l^'or 
convenience  the  entire  system  mav  be  divided  into  three 
portions — the  cranial,  trunk  and  limb  musculature;  and  of 
these,  the  trunk  musculature  may  first  l)e  considered. 
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The  Trunk  Musculature. — It  has  already  been  seen  (p. 
lo8)  that  the  myotomes  at  first  occupy  a  dorsal  position, 
becoming  prolonged  ventrally  as  development  proceeds  so 
as  to  overlap  the  somatic  mesoderm,  until  those  of  opposite 
sides  come  into  contact  in  the  mid-ventral  line.  Before  this 
is  accomplished,  however,  a  longitudinal  splitting  of  each 
myotome  occurs,  whereby  there  is  separated  off  a  dorsal 
portion  which  gives  rise  to  a  segment  of  the  dorsal  musai- 
laturc  of  the  trunk  and  is  supplied  by  the  ramus  dorsaiis  of 
its  corresponding  spinal  nerve.  In  the  lower  vertebrates 
this  separation  of  each  of  the  trunk  myotomes  into  a  dorsal 
and  ventral  portion  is  much  more  distinct  in  the  adult  than 
it  is  in  man,  the  two  portions  being  separated  by  a  horizontal 
plrtte  of  connective  tissue  extending  the  entire  length  of  the 
Iniiik  Jind  Ijcing  attached  by  its  inner  edge  to  the  transverse 
(trvHtsses  of  the  verttbrie,  while  peripherally  it  becomes  con- 
lilHU'H!'  with  the  connective  tissue  of  the  dennis  along  a 
liw  known  as  the  lateral  line.  In  man  the  dorsal  portion 
Is  jiIm'  iiUH-h  smaller  in  proportion  to  the  ventral  portion 
thttu  ill  the  lower  vertebrates.  From  this  dorsal  portion  of 
U»  nv>\»l»wiie'i'  are  derived  the  muscles  belonging  to  the  three 
^tv»|Mr^t  l«\Trs  of  the  dorsal  musculature,  the  more  super- 
Jsiml  Iftjvrs  l«eing  composed  of  muscles  belonging  to  the 
Hiufe>  \\^«H.  Fiirlher  longitudinal  and  tangential  divisions 
Mttil  M  tVMt^tt  of  successive  myotomes  bring  about  the  condi- 
\UMm  whi\-ti  ttttlaiii  in  the  adult  dorsal  musailature. 

Wliilv  Ow  n»>i»toincs  arc  still  some  distance  from  the  mid- 
WttKiil  >»*«'  aiK'lher  longitudinal  division  affects  their  ventral 
tilmt"*  O'^K'  '  '?^'  IXTtions  being  thus  separated  which  later 
UlAij  UK'iv  \^  hwtfi  perfectly  to  form  longitudinal  bands  of 
iuum\,  th<.tw  o(  ii|t|M>»itc  sides  being  brought  iiUo  apposition 
•*yy>tl%  Ihv  iiikt'VVttlrul  line  by  the  continued  growth  ventrally 
itf  the  inviili>ti)«^  III  this  way  are  fnnued  the  rectus  and 
pyi'iuiiiilHlix  niiiwle^  I'f  the  alKlomcn  and  the  depressors  of 


I 
I 


THE   TRUNK    MUSCV l-ATURE. 


the  hyoid  bone,  tlie  g;enio-hyoid  and  genioglossus*  in  the 
neck  re^'oii.  In  the  thoracic  region  this  rectus  set  of  mus- 
cles, as  it  may  be  termed,  is  not  represented  except  as  an 
anomaly,  its  absence  being  probably  correlated  with  the 
development  of  the  sternum  in  this  region. 

The  lateral   purliuns  of  the  myotomes   which   intervene 


n  the  ^ 
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lietween  the  dorsal  and  rectus  mnscles  divide  tangentially, 
prodncing  from  their  dorsal  portions  in  the  cervical  and 
Inmbar  regions  muscles,  such  as  the  longus  capitis  and  colli 


■  This  muscle 
purpose  it  is  w 
primarily  is. 


supplied  hy  the  hypoglossal  nerve,  but  for  the  present 
to  rtgitd  this  as  a  spinal  nerve,  as  indeed  it 
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and  the  psoas,  which  he  beiieatli  the  vertebral  column  and 
hence  have  been  termed  hyposkeletal  muscles  (Huxley), 
More  ventrally  tliree  sheets  of  muscles,  lying  one  above  the 
other,  are  formed,  the  fibers  of  each  sheet  being  arranged  in 
a  definite  directinn  differing  from  that  found  in  the  other 
slieets.  In  the  abdomen  there  are  thus  formed  the  two 
oblique  and  the  transverse  muscles,  in  the  thorax  the  inter- 
costals  and  the  transversus  thoracis,  while  in  the  neck  these 
l)ortions  of  some  of  the  myotomes  disappear,  those  of  the 
remainder  giving  rise  to  the  scaleni  nuiscles,  portions  of  the 
trapezius  and  sternomastoid  (Bolk),  and  possibly  the  hyo- 
glossus  and  styloglossus.  In  the  abdominal  region,  and  to 
a  considerable  extent  in  the  neck  also,  the  various  portions 
of  myotomes  fuse  together,  but  in  the  thorax  they  retain  in 
the  intercostals  their  original  distinctness,  being  separated 
by  the  ribs. 

The  table  on  page  213  will  show  the  relation  of  the 
various  trunk  muscles  to  the  portions  of  the  myotomes. 

The  intimate  association  between  the  pelvic  girdle  and 
the  axial  skeleton  brings  al>out  extensive  modifications  of 
the  posterior  trunk  myotomes.  So  far  as  their  dorsal  por- 
tif>ns  are  coTicerned  probably  all  these  myotomes  as  far 
liack  as  the  fifth  sacral  are  represented  in  the  sacro-spinalis, 
but  the  ventral  imrtions  from  the  first  lumbar  myotome  on- 
wards are  greatly  modified.  The  last  myotome  taking  part 
in  the  formation  of  the  rectus  alwlominis  is  the  twelfth 
thoracic  and  the  last  to  Ite  represented  in  the  lateral  muscu- 
lature of  the  abdomen  is  the  first  lumbar,  the  ventral  ptir- 
tions  of  the  remaining  lumbar  and  of  the  first  and  second 
sacral  myotomes  either  having  disappeared  or  being  devoted 
to  llie  foniialion  of  the  musculature  of  the  lower  limb. 

The  ventral  portions  of  the  third  and  fourth  sacral  myo- 
tonies arc  represented,  however,  by  the  lcvat(»r  ani  and  coccy- 
geus,  and  are  the  last  myotomes  which  persist  as  muscles 
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in  the  human  hody,  although  traces  of  still  more  posterior 
myotomes  are  to  be  found  in  muscles  such  as  the  curvator 
coccygis  sometimes  developed  in  connection  with  the  coccy- 
geal vertebrs. 

Tlie  perineal  muscles  and  the  external  sphincter  ani  are 
also  developments  of  the  third  and  fourth  (and  second) 
sacral  myotomes.  At  a  time  when  the  cloaca  (see  p.  297) 
is  still  present,  a  sheet  of  muscles  lying  close  heneath  the 
iiilegiimenl  forms  a  sphincter  around  its  opening  (Fig.  i  lA), 
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Fta  116.— Perineal  Region  of  1 
(S)  FoiJii  TO  Five  Months, 

PeRINEAI.  Mt'SCLES. 

rfr,  Nerviis  lUirsalis  clilofidis;  f,  pudendal  nerve;  la,  sphincter  ttni;  sc. 
sphincter  tloacK;  si',  sphincter  vagiiijc. — (Popowsky.) 

On  the  development  of  the  partition  which  divides  the 
cloaca  into  rectal  and  nriuogenital  portions,  the  sphincter  is 
also  divided,  its  more  posterior  portion  persisting  as  the 
external  sphincter  ani,  while  the  anterior  part  gradually 
differentiates  into  the  various  perineal  muscles  ( Popowsky). 
The  Cranial  Musculature. — As  was  pointed  out  in  an 
earlier  cha]>ler,  the  existence  of  distinct  mesodermic  somites 
has  iKit  yet  been  completely  demonstrated  in  the  head  of  the 
human  enibryo.hut  in  luwer  forms,  such  as  the  clasinobranch 
fishes.  Ihey  are  clearly  distinguishable,  and  it  may  be  sup- 
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posed  that  their  indistinctness  in  man  is  a  secondary  con- 
dition. Exactly  how  many  of  these  somites  are  represented 
in  the  mammalian  head  it  is  impossible  to  say,  but  it  seems 
probable,  from  comparison  with  lower  forms,  that  there  is 
a  considerable  number.  The  majority  of  them,  however, 
early  undergo  degeneration,  and  in  the  adult  condition  only 
three  are  recognizable,  two  of  which  are  prreoral  in  position 
and  one  postoral.  The  myotomes  of  the  anterior  pneoral 
segment  give  rise  to  the  muscles  of  the  eye  supplied  by  the 
third  cranial  nerve,  those  of  the  posterior  one  furnish  the 
superior  oblique  muscles  innervated  by  the  fourth  nerve, 
while  from  the  postoral  myotomes  the  lateral  recti,  supplied 
by  the  sixth  nerve,  are  developed.  The  muscles  supplied 
by  the  hypoglossal  nerve  are  also  derived  from  myotomes, 
but  they  have  already  been  considered  in  conneclion  with 
the  trunk  musculature. 

The  remaining  muscles  of  the  head  diifer  from  all  other 
voluntary  muscles  of  the  body  in  the  fact  that  they  are 
derived  from  the  branchiomeres  formed  by  the  se<^nncntation 
of  the  cephalic  ventral  mesoderm.  These  muscles,  there- 
fore, are  not  to  be  regarded  as  e(iuivalent  to  the  myotomir 
muscles  if  their  emhryological  origin  is  to  be  taken  as  a 
criterion  of  equivalency,  and  in  their  case  it  would  seem, 
from  the  fact  that  they  are  innervated  hy  nerves  funda- 
mentally, distinct  from  those  which  supply  the  myotomic 
mucles,  that  this  criterion  is  a  ^^'■ood  one.  They  must  be 
regarded,  therefore,  as  belon^ini^  to  a  special  cateiL^ory,  and 
may  be  termed  hranchiomcric  muscles  to  distin|L;iu'sh  them 
from  the  mvotomic  set. 

If  their  emhryological  origin  bo  taken  as  a  basis  for  homology, 
it  is  clear  that  they  should  be  regarded  as  e([uivalent  to  tlie 
muscles  derived  from  the  ventral  mesoderm  of  the  trunk,  and 
these,  as  has  been  seen,  are  the  non-striated  nniscles  associated 
with  the  viscera,  among  which  may  be  included  the  striated 
heart  muscle.     At  first  sight  this  homology  seems  decidedly 
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slrainetl,  chiefly  because  loiig-coiitimicci  custom  has  regarded 
the  histological  and  physiological  peculiarities  of  striated  and 
non-striated  muscle  tissue  as  fundamental.  It  may  be  pointed 
out,  however,  that  the  brauchiomeric  muscles  are.  strictly  speak- 
ing', visceral  muscles,  and  indeed  give  rise  to  muscle  sheets 
(the  constrictors  of  the  pharynx)  which  surround  the  upper 
or  pharyngeal  portion  of  the  digestive  tract.  It  is  possible, 
then,  that  the  homology  is  not  so  strained  as  might  appear, 
but  further  discussion  of  it  may  profitably  be  deferred  until 
the  cranial  nerves  are  under  consideration. 

The  skeleton  of  the  first  branchial  arch  becomes  converted 
partly  into  the  jaw  apparatus  and  partly  into  auditory 
ossicles,  and  the  muscles  derived  from  the  curresjKinding 
branchiomere  become  the  muscles  of  mastication  (the  tem- 
poral, masseter,  and  pterygtnds),  the  mylohyoid,  anterior 
belly  uf  the  digastric,  the  tensor  ve!i  palatini  and  the  tensor 
tympani.  Tlie  nerve  which  corresponds  to  the  first  bran- 
chial arch  is  the  trigeminus  or  fifth,  and  consequently  these 
various  tniiscles  arc  supplied  by  it. 

The  second  arch  has  corresponding  to  it  the  seventh 
nerve,  and  its  musculature  is  partly  represented  by  the  stylo- 
hyoid and  posterior  belly  of  the  digastric  and  by  the  stape- 
dius muscle  of  the  middle  ear.  From  the  more  superficial 
jxirtions  of  the  branchiomere,  however,  a  sheet  of  tissue 
arises  which  gradually  extends  upward  and  downward  to 
form  a  thin  covering  for  the  entire  bead  aiid  neck,  its  lower 
l>orlion  giving  rise  to  the  plaly.snia  and  the  nuchal  fascia 
which  extemls  backward  from  the  dorsal  lK»rder  of  this 
muscle,  while  its  up|}er  parts  becunie  the  occi  pi  to- frontal  is 
and  the  superficial  muscles  of  the  face  (the  muscles  of  ex- 
pression), together  with  the  fascix  which  unite  the  various 
muscles  of  this  group.  The  extension  of  the  platysma  sheet 
of  muscles  over  the  face  is  well  shown  by  the  development 
of  the  branches  of  the  facial  nerve  which  supply  it  (Fig.  117). 

The  degeneration  of  the  upper  part  of  the  third  arch 
produces  a  shifting  forward  of  one  of  the  muscles  derived 
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from  its  brancliioinere,  the  stylopharyngeus  arising  from 
tlie  base  of  the  styloid  process.  The  innervation  of  this 
nmscle  by  the  ninth  nerve  indicates,  however,  its  trtie  sig- 
nificance, and  since  fibers  of  this  nerve  of  the  third  arch  also 
pass  to  the  constrictor  muscles  of  the  pharynx,  a  portion  of 
these  must  also  be  regarded  as  having  arisen  from  the  third 
branchioraere. 

The  cartilages  of  the  fourth  and  fifth  arches  enter  into 
the  formation  of  the  larynx  and  the  muscles  of  the  corre- 
sponding branchionieres  constitute  the  muscles  of  the  larynx, 
together  with  the  remaining  portions  of  the  constrictors  of 
the  pharynx  and  the  muscles  of  the  soft  palate,  with  the 
exception  nf  the  tensor.  Both  these  archer  have  branches 
of  the  tenth  nerve  associated  with  them  and  hence  this  nerve 
supplies  the  muscles  named.  In  addition,  two  of  the  ex- 
trinsic muscles  of  the  tongue,  the  glosso-palatinus  and  chon- 
droglossus,  belong  to  the  fourth  or  fifth  branchiomere, 
although  the  remaining  muscles  of  this  physiological  set  are 
myotomic  in  origin. 

Finally,  portions  of  two  other  muscles  should  prol>ab!y 
I)e  included  in  the  list  of  branchiomeric  muscles,  these  mus- 
cles being  the  trapezius  and  stemomastuid.  It  has  already 
been  seen  that  they  are  partly  derived  from  the  cervical 
myotonies,  but  they  also  appear  to  be  innervated  in  part  by 
the  spinal  accessory,  and  since  the  motor  fibers  of  this  nerve 
are  serially  homologous  with  those  of  the  vagus  it  would 
seem  that  the  muscles  which  they  supply  are  probably 
branchiomeric  in  origin.  Observations  on  the  development 
of  these  muscles,  determining  their  relations  to  the  brandi- 
iomeres,  are  necessary,  however,  before  their  morphological 
significance  can  be  regartled  as  definitely  settled. 

Tlie  table  on  page  a  19  shows  the  relations  of  the  various 
cranial  muscles  to  the  myotomes  and  branch iomeres,  as 
well  as  10  the  motor  cranial  nerves. 
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THE    l.IMIt    MUSCLES. 


The  Limb  Muscles. — It  lias  been  customary  to  regard 
tile  limb  muscles  as  derivatives  of  certain  of  the  myotonies, 
these  structures  in  their  growth  ventrally  iti  the  trunk  walls 
tjeing  suppdsed  to  pass  out  upon  the  postaxial  surface  of 
the  limb  Imds  and  loop  Ijack  again  to  the  trunk  along  the 
prreaxial  surface,  each  myotome  thus  giving  rise  to  a  por- 
tion of  Ijoth  the  dorsal  and  the  ventral  musculature  of  the 
limb.  This  view  has  not,  however,  l>een  verified  by  direct 
observation  of  an  actual  liwping  of  the  myotomes  over  the 
axis  of  the  hmb  buds;  indeed,  on  the  contrary,  the  limb 
nniscles  have  been  found  to  develop  from  the  cores  of 
mesenchyme  which  fonn  the  axes  of  the  limb  buds  and  from 
which  the  limb  skeleton  is  also  developed.  This  may  be 
explained  by  supposing  tliat  the  limb  muscles  are  primarily 
derivatives  of  the  myotonies  and  that  an  extensive  concen- 
tration of  their  developmental  history  has  taken  place,  so 
that  the  axial  mesenchyme  actually  represents  myotomic 
material  even  though  no  direct  connection  l>etween  it  and 
the  myotomes  can  be  discovered.  Condensations  of  the 
developmental  history  certainly  occur  and  the  fact  that  the 
muscles  of  the  human  limbs,  as  they  differentiate  from  the 
axial  cores,  present  essentially  the  same  arrangement  as  in 
the  adult  seems  to  indicate  that  there  is  actually  an  extensive 
condensation  of  the  phylogenetic  history  of  the  individual 
muscles,  since  comparative  anatomy  shows  the  arrangement 
of  the  muscles  of  the  higher  mammalian  limbs  to  be  the 
rewlt  of  a  long  series  of  progressive  modifications  from  a 
primitive  condition.  However,  even  though  this  be  the 
case,  there  is  yet  the  possibility  that  the  limb  musculature, 
like  the  limb  skeleton,  may  take  its  origin  from  the  ventral 
mesoderm  and  consetjuently  lielong  to  a  different  embry- 
onic category  from  the  axial  myotomic  muscles. 

The  strongest  evidence  in  favor  of  ihe  myotomic  origin 
of  the  limb  muscles  is  that  furnished  by  their  nerve  supply. 
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this  presenting  a  distinctly  scf^^nienlal  arrangement.  This 
does  not  necessarily  imply,  however,  a  corresponding  pri- 
marily metameric  arrangement  of  the  mnscles,  any  more 
than  the  pronouncedly  segmental  arrangement  of  the  cuta- 
neous nerves  implies  a  primary  metamerism  of  the  dermis 
(see  p.  148).  It  may  mean  only  that  the  nerves,  l)eing  seg- 
mental, retain  their  segmental  relations  to  one  another  even 
in  their  distribution  to  non-metameric  structures,  and  that, 
conseciuently,  the  limb  musculature  is  supplied  in  succes- 
sion from  one  border  of  the  limb  bud  to  the  other  from 
succeeding  nerve  roots. 

But  whether  further  observation  may  prove  or  disprove 
the  myotomic  origin  of  the  limb  musculature,  Ihe  fact  re- 
mains that  it  possesses  a  segmenlally  arranged  innervation, 
and  it  is  possible,  therefore,  to  recognize  in  the  limb  buds 
a' series  of  parallel  Ixuids  of  muscle  tissue,  extending  longi- 
tudinally along  the  bud  and  each  supplied  by  a  definite  seg- 
mental nerve.  And  furthermore,  corresponding  t(j  each 
band  upon  the  ventral  (pricaxial)  surface  of  the  limb  bud, 
there  is  a  band  similarly  innervated  up(»n  tlie  dorsal  (post- 
axial)  surface,  since  the  fibers  which  pass  to  the  limb  from 
each  nerve  root  sooner  or  later  arrange  themselves  in  pnc- 
axial  and  postaxial  groups  as  is  shown  in  the  diagram  b'ig. 
118.  The  first  nerve  which  enters  the  limb  Imd  lies  along 
its  anterior  border,  and  consecjucntly  the  muscle  bands 
which  are  sup])lie(l  by  it  will,  in  the  adult,  lie  along  the 
outer  side  of  the  arm  and  along  the  inner  side  of  the  leg, 
in  consecpience  of  the  rotation  in  opposite  directions  which 
the  limbs  undergo  during  development  (see  p.  ()i  ). 

The  fir^t  nerve  which  supplies  the  muscles  attached  to 
the  dorsum  of  the  ilium  is  the  second  lumbar,  and  follow- 
ing that  there  come  successively  from  before  backward  .the 
remaining  lumbar  and  the  first  and  second  sacral  nerves. 
The  arrangement  of  the  muscle  bands  supplied  by  these 
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nerves  ami  llie  nuisdes  of  the  adult  to  wliich  tliey  contribute 
may  be  seen  from  Fig.  119.  What  is  shown  there  is  only 
the  upper  portions  of  the  post-axial  bands,  their  lower  por- 
tions extending  downward  on  the  anterior  surface  of  the 
leg.  Only  the  sacral  baufl.s,  however,  extend  throughout 
the  entire  length  of  the  limb  into  the  foot,  the  second  lum- 


FlO.    118.— DCACHAM    OF    A    StliMENT    OK  THE    HoDV    ANU    LlMB. 

bl.  Axial  blastcina;  dm,  dorsal  tnuKciiIaUirc  of  tnink;  rl,  nerve  to  limb; 
s,  septum  between  dorsal  and  ventral  trunk  mnsciilaltire ;  ilr.d, 
dorsal  layer  of  limb  mnsciilalnre ;  tr.d  and  Ir.v,  dorsal  and  ventral 
divisions  of  a  spinal  nerve;  vm,  ventral  mnsciilaliire  of  the  trunk. — 
(,Kollmann.) 

bar  band  passing  down  only  to  al>out  the  middle  of  the 
thigh,  the  third  to  almut  the  knee,  the  fourth  to  about  the 
middle  of  the  cms  and  the  fifth  as  far  as  the  base  of  the 
fifth  metatarsal  bone,  and  the  same  is  true  of  the  corre- 
sixinding  pr^axial  bands,  which  descend  from  the  ventral 
surface  of  the  os  cox?e  (iimominatum)  along  the  inner  antl 
posterior  surfaces  of  the  leg  to  the  same  points.     The  first 
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[lie  (liirsiiiii  of  the  fuot  as  a  result  of  Ilie  ruUition  which  the 
limb  has  undergone. 

In  a  transverse  sectiun  thrmigh  a  limb  at  any  level  all 
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the  muscle  bands,  lji)th  pneaxial  and  iHistaxial,  which  de- 
scend to  that  level  will  be  cut  and  will  be  in  a  definite  suc- 
cession from  one  border  of  the  limb  to  the  other,  as  is  seen 
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in  Fig.  I20-  In  tlie  dififcri'iitialidii  of  the  imlividiuil  imis- 
cles  which  proceeds  as  the  nerves  extend  fruni  the  trunk 
into  the  axial  mesenchyme  of  the  limb,  the  muscle  kinds 
undergo  mothfications  similar  tu  thuse  already  described 
as  occurring  in  the  trinik  myotomes.  Thus,  each  of  the 
muscles  represented  in  l-'ig.  uo,  B,  is  formed  by  the  fusion 
of  elements  derived  from  two  iir  more  liands;  the  soleus 
and   gastroaieniius   represent   decj)   and    sujierticial    layers 
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formed  from  the  same  bamls  by  a  li"ii/ontaI  (lanj^enlial) 
splitting,  these  same  muscles  cniitain  a  portimi  cif  the  secmid 
sacral  iKind  which  fiverlajis  niiiscle-;  cumimsed  nuly  ui  higher 
myotonies,  an<l  the  intennuscular  septum  belwecn  lite  pero- 
neus  brevis  and  the  tlexur  hallucis  Imigus  represents  a  por- 
tion of  the  third  sacral  band  which  has  degenerateil  into 
coiniective  tissue. 

A  similar  arraujjenieut  occurs  in  the  bands  which  are 
to  be  recogdizcil  in  the  musculature  cjf  the  upjier  limb. 
These  arc  supplied  hy  the  fourth,  fifth,  sixth,  seventh  and 
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eiglilli  cervical  and  the  first  tlioracic  nerves,  ami  only  those 
supplied  by  the  eighth  cervical  and  the  first  thoracic  nerves 
extend  .^s  far  as  the  tips  of  the  fingers.  The  arrangement 
of  the  lands  in  the  upper  part  of  the  brachium  may  be 
seen  from  Fig.  121,  in  connection  with  which  it  must  be 
noted  that  the  fourth  cervical  band  does  not  extend  down 
to  the  level  at  which  the  section  is  taken  and  that  the  pras- 
axial  band  of  the  eighth  cervical  nerve  and  both  the  pra;- 
axiaj  and  postaxial  bands  of  tlie  first  thoracic  are  repre- 
sented only  by  connective  tissue  in  this  region. 

In  another  sense  than  the  longitudinal  one  there  is  a 
division  of  the  limb  musculature  into  more  or  less  definite 
areas,  namely,  in  a  transverse  direction  in  accnnlance 
witli  the  jointing  of  the  skeleton.  Thus,  there  may  be 
recognized  a  group  of  muscles  which  pass  from  the  axial 
skeleton  to  the  pectoral  girdle,  another  from  the  limb 
girdle  to  the  brachium  or  thigh,  another  from  the  brachium 
or  thigh  to  the  aiitibrachium  or  cms.  another  from  the 
antibrachium  or  crns  to  the  carpus  or  tarsus,  and  another 
from  the  carpus  or  tarsus  to  the  digits.  This  transverse 
segmentation,  if  it  may  be  so  termed,  is  not,  however, 
(perfectly  definite,  many  muscles,  even  in  the  lower  verte- 
brates, passing  over  more  than  one  joint,  and  in  the  mam- 
malia, esjjecially,  it  is  further  obsaircd  by  secondary  migra- 
tions, by  the  partial  degeneration  of  muscles  and  by  an  end 
to  end  union  of  primarily  distinct  muscles. 

The  latissimus  dorsi,  serratus  anterior  and  pectoral 
muscles  are  all  examples  of  a  process  of  migration  as  is 
shown  by  their  innervation  from  cervical  nerves,  as  well 
as  by  the  actual  migration  which  has  been  traced  in  the 
developing  enibryo  {Mall,  Lewis).  In  the  lower  limh 
evidences  of  migration  may  be  seen  in  the  femoral  head  of 
the  biceps,  comparative  anatomy  showing  this  to  be  a  de- 
rivative of  the  gluteal  set  of  nniscles  which  has  secondarily 


TllK    LIMB    Ml'SC'LKS.  22 j 

become  attached  to  the  femur  and  has  associated  itself 
with  a  prgeaxial  muscle  to  form  a  compound  structure. 
An  appearance  of  migration  may  also  be  produced  by  a 
muscle  making  a  secondary  attachment  below  its  original 
origin  or  above  the  insertion  and  the  upper  or  lower  part,  as 
the  case  may  be,  then  degenerating  into  connective  tissue. 
This  has  been  the  case  with  the  peroneus  longus,  which,  in 
the  lower  mammals,  has  a  femoral  origin,  but  has  in  man  a 
new  origin  from  the  fibula,  its  upper  portion  being  repre- 
sented by  the  fibular  lateral  ligament  of  the  knee-joint. 
So  too  the  pectoralis  minor  primarily  inserted  into  the 
humerus,  but  it  has  made  a  secondary  attachment  to  the 
coracoid  process,  its  distal  portion  forming  a  coraco-humeral 
ligament. 

The  comparative  study  of  the  ticxor  muscles  of  the  anti- 
brachial  and  crural  regions  has  yielded  alnnidaiit  evidence 
of  extensive  modifications  in  tlie  diffcrcnliation  of  llie 
limb  muscles.  In  the  tailed  am])liil)ia  tliese  muscles  are 
represented  by  a  series  of  superposed  layers,  the  most 
superficial  of  which  arises  from  the  luimerus  or  femur, 
while  the  remaining  ones  take  their  origin  from  the  ulna 
or  fibula  and  are  directed  dislallv  and  laterallv  to  be  in- 
serted  either  into  the  palmar  or  plantar  a])(Mieurosis,  or, 
in  the  case  of  the  deeper  layers,  into  the  radius  (tibia)  or 
carpus  (tarsus).  In  the  arm  of  the  lower  manimilia  the 
deepest  layer  becomes  the  ])ronator  ([uadratus,  the  lateral 
portions  of  the  superficial  layer  are  the  llexor  carpi  ulnaris 
and  the  flexor  carpi  radialis,  while  the  intervening  layers, 
together  with  the  median  ])ortion  of  the  superficial  one, 
assuming  a  more  directly  longitudinal  direction,  fuse  to 
form  a  common  flexor  mass  which  acts  on  the  digits  through 
the  palmar  aponeurosis.  l^Vom  this  latter  structure  and 
from  the  carpal  and  metacarpal  bones  five  layers  of  palmar 
muscles  take  (jrigin.     The  radial  and  ulnar  portions  of  the 
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must  superlicial  nf  these  Ijecome  the  flexor  pollicis  brevis 
aiul  alxliictur  polhcis  and  the  alxhictor  (|uititi  digiti,  while 
the  rest  of  the  layer  degenerates  into  connective  tissue, 
forming    tendons   which   pass    to   the   fonr   ulnar    digits. 


u,  [i.v— 1  r.tii-Mr-.i  -nil  -ti-  niruiiyii  (  \i  iln  luri.irm  and  {B)  the 
hand  showing  Ihe  arraiigt-nii'iii  of  ihe  iayiTs  uf  ilic  flexor  muscles. 
The  superlicial  layer  is  shaded  liuriKotiially,  llic  second  layer  vertj- 
cally,  the  third  obliquely  to  (he  left,  the  fourth  vetlically,  and  the 
fifth  obliquely  to  llie  riuht  AbM,  abductor  digiti  quinti;  AdP, 
adductor  pollicis:  BR,  brachjo-rudialis ;  F.CD,  cxtciisor  di^tonim 
communis;  ECU,  extensor  carpi  ulnaris;  El,  extensor  indids; 
EMD,  extensor  digiti  quinti;  EMF,  at>ductor  pollicis  longus;  BRB. 
extensor  carpi  radialis  brevis;  FCR,  flexor  carpi  radialis;  FCU, 
flexor  carpi  ulnaris;  FLP,  flexor  pollicis  longus;  FM,  flexor  digiti 
quinti  brevls;  FP.  flexor  digitonim  profundus;  FS,  flexor  digi- 
tonim  sublimis;  ID,  interossci  dorsales;  II',  interossci  volares; 
L,  lumbricalcs :  OM,  opponens  digiti  quinti;  PL,  palniaris  longus; 
PT.  pronator  teres;  R,  radius;  U,  ulna;  ll-V,  second  to  ^fth  meta- 
carpal. 
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Gradually  superficial  portions  of  the  anlibnicliial  llcxor 
mass  separate  off,  carrying  with  tliem  the  l.'iyers  nf  tlu* 
palmar  aponeurosis  from  which  the  tendons  representing 
the  superficial  layer  of  the  palmar  muscles  arise,  and  they 
form  with  these  the  flexor  digitorum  suhlimis.  Tiic 
deeper  layers  of  the  antibrachial  flexor  mass  hecnnie  the 
flexor  digitomm  profundus  and  the  llexor  pollicis  Nmij^mis 
(Fig.  122,  A),  and  retain  their  conection  with  the  deeper 
layers  of  the  palmar  ap<^neurosis  which  form  their  tendinis; 
and  since  the  second  layer  of  the  i)almar  nuiscles  takes 
origin  from  this  portion  of  the  aponeurosis  it  becomes  the 
lumbrical  muscles,  arising*  from  the  i)rofnndns  tern  Ions 
(Fig.  122,  B).  The  third  layer  of  palmar  nnisrlcs  be- 
comes the  adductors  of  the  dij^its,  reduced  in  man  to  the 
adductor  pollicis,  while  from  the  two  deepest  layers  the 
interossei  are  develoi)ed.  Of  these  the  fomth  layer  e(»n- 
sists  primarily  of  a  j>air  ()f  slips  e(»rresp«»ndinj^^  lo  eaeh 
dig^t,  while  the  fifth  is  rei)resented  by  a  series  nf  miiseles 
which  extend  obliquely  across  between  ad jaeent  metacarpals. 
With  these  last  muscles  certain  nf  the  fninth  layer  sli])s 
unite  to  form  the  dcjrsal  intemssei,  while  the  rest  become 
the  volar  interossei. 

The  modificatimis  of  the  almost  identical  primary  ar 
rangement  in  the  crns  and  font  are  snmewbat  different. 
The  superficial  layer  of  the  crural  llexors  becnnies  the  f^^'ls- 
trocnemius  and  plantaris  (  b'i^^  u^,  A)  and  the  deepest 
layer  becomes  the  poplitens  and  the  intemssenus  membrane. 
The  second  and  third  layers  unite  to  form  a  common  mass 
which  is  inserted  into  the  deeper  layers  of  the  plantar  ajw)- 
neurosis  and  later  dilTerentiates  into  the  soleus  and  the  lon«»- 
digital  flexor,  the  former  shifting'  its  insertion  from  the 
plantar  aponeurosis  to  the  os  calcis.  while  the  flexor  retains 
its  connection  with  the  deei)er  layers  of  the  ajxMieurcJsis. 
these  separating-  from  the  superficial  layer  to  form  the  long 
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llexor  tentlons.  Tlie  fourth  layer  partly  assumes  a  longitu- 
dinal direction  and  becomes  the  tibialis  posterior  and  the 
flexor  hallucis  longus  and  partly  retains  its  original  oblique 
direction  and  its  connection  with  the  deep  layers  of  the 
plantar  aponeurosis,  becoming  tlie  quadratus  plant-T.  In 
the  foot  {¥\g.  133,  B)  the  sui>erficial  layer  persists  as  mus- 
cular tissue,   forming  the  abductors,  the  flexor  digitoruni 


Fir,.  123. — Transverse  seciioos  through  (A)  the  cms  and  (B)  the  foot, 
showing  ihc  arr,iiieement  of  the  layers  of  the  flrnor  muscles.  The 
shading  has  Uic  same  significance  as  in  the  preceding  figure.  Abll, 
abductor  halhicis;  AbM,  abductor  Tninimi  digiti;  Adll,  adductor 
hallucis;  ELD.  extensor  longus  digitomm;  F.  fibula ;  PBD,  flexor 
brevis  diKitomm ;  FBH,  flexor  brevis  hallucis;  FBM,  flexor  brevis 
minimi  digiti;  FLD,  flexor  longus  digitorum;  C.  gastrocnemius; 
ID.  interossei  dorsalis;  IV,  interossei  veutralcs;  L.  Inmbrieales; 
P,  plantaris;  Pe,  peroncus  loiigiis;  Po,  popliteus;  S,  soleus:  T, 
tibia;  TA,  tibialis  amicus;  TP,  tibialis  posticus;  l-f,  first  to  fifth 
metatarsal. 

brevis  and  the  medial  head  of  the  flexor  hallucis  brevis,  the 
second  and  third  layers  become  respectively  the  Inmbrieales, 
the  lateral  head  of  the  flexor  hallucis  brevis  and  tlie  adduc- 
tor hallucis,  while  ihe  fourth  and  fifth  layers  togetlier  form 
the  interossei,  as  in  the  hand,  the  flexor  quinti  digiti  brevis 
really  belonging  to  that  group  of  muscles. 
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CHAPTER   IX 

THE   DEVELOPMENT   OF  THE  CIRCULATORY 
AND   LYMPHATIC   SYSTEMS. 

At  present  nothing  is  known  as  to  the  earhest  staj^es  of 
development  of  the  cirailatory  system  in  the  human  embryo, 
but  it  may  be  supposed  that  they  reseml)le  in  their  funda- 
mental features  what  has  l)cen  observed  in  such  forms  as  the 
rabbit  and  the  chick.  In  both  tlicsc  the  system  orij^nnates 
in  two  separate  parts,  one  of  which,  located  in  the  einl)ryonic 
mesoderm,  gives  rise  to  the  heart,  while  the  otlier,  arisinj^ 
in  the  extra-embryonic  mesoderm,  ftirnis  the  ihst  blood- 
vessels. It  will  be  convenient  to  consider  these  t\v«)  parts 
separately,  and  the  formation  of  the  blnod  vessels  may  be 
first  described. 

In  tlie  rabbit  the  extension  oi  the  mesoderm  fp»m  the 
embryonic  region,  where  it  Hrst  appears,  over  the  ynlk  sac 
is  a  gradual  process,  and  it  is  in  the  nunc  peiiplicral  p(»r 
tions  of  the  layer  that  the  bine »d- vessels  In  si  make  their 
appearance.  They  can  be  di^tin.i;nisliiMl  bciMre  ilic  spliitiiiL: 
of  the  mesoderm  has  been  CfMnplcicd.  but  are  always  dcvcl 
oped  in  that  portitm  of  the  layer  which  is  must  intimately 
associated  with  the  yolk-sac,  and  cnnse(|nently  becnme•^  the 
splanchnic  layer.  The  first  indication  of  ilie  vessels  is  the 
appearance  in  the  peripheral  i)ortion  (d'  the  mesoderm  of 
cords  or  minute  patches  of  si)herical  cells  (  I'ij^.  U-t,  ./). 
These  increase  in  size  by  the  divisinn  and  separation  of  the 
cells  from  one  another  (  Im^.  IJ4,  1^).  a  clear  IhnM  a])pear- 
ing  in  the  intervals  which  separate  them.  Sonn  the  cells 
surrounding^  each  cord  arranj^a*  themselves  to  form  an  en- 
21  ^M 
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closing  wall,  and  the  curds,  increasing;  in  size,  unite  together 
to  form  a  network  of  vessels  in  which  float  the  spherical 
cells  which  may  now  be  known  as  erythrocytes.  Viewed 
from  the  surface  at  this  stage  a  portion  of  the  vascular  area 
of  the  mesoderm  would  have  the  appearance  shown  in  Fig. 
125.  revealing  a  dense  network  of  canals  in  which,  at  inter- 
vals, are  groups  of  erythrocytes  adherent  to  the  walls,  con- 
stituting what  have  been  termed  the  blooil-isltuuis.  while  in 


l-K.    1^4.— Thansverbe   Sectiun    thruouh   the   .\kEA    V/ 
Rabbit    Eubrvos    showing  the  Transfobmation    01 

CELLS    INTO  THE   VaSCLILAB   CoRDS, 

Ec.    Eclodcrm;    £11.    endoderm;    Me,    mesoderm,— (ran    d.r   SirUhl.) 

the  meshes  of  the  network  unaltered  mesoderm  cells  can  be 
seen,  forming  the  so-called  subslaitcc-ishmds. 

At  the  ]>eriphery  of  the  vascular  area  the  vessels  arrange 
themselves  to  form  a  sinus  tcnninalis  enclosing  the  entire 
area,  and  the  vascularization  of  the  splanchnic  mesodenn 
gradually  extends  toward  the  embryo.  Reaching  it,  the 
vessels  penetrate  the  embryonic  tissues  and  eventually  come 
into  connection  with  the  heart,  which  has  already  differen- 
tiated and  has  Iwgun  to  beat  liefore  the  connection  with  the 
vessels  is  maile,  so  that  when  it  is  made  the  circulation  is 
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at  once  established.  Before,  however,  the  vascularization 
reaches  the  embryo  some  of  the  canals  hc^in  to  enlarge  {V\Ui 
126,  A),  producing  arteries  and  veins,  the  rest  of  the  net- 
work forming  capillaries  uniting  these  two  sets  of  vessels, 
and,  this  process  continu- 
ing, there  are  eventually 
differentiated  a  single  om- 
f>halo-mescntcnc(z'itelIinc) 
artery  and  two  omphalo- 
mesenteric (intellinc)  7rius 
(Fig.  126,  5). 

In  the  human  enihrvo 
the  small  size  of  the  yolk- 
sac  permits  of  the  exten- 
sion of  the  vascular  area 
over  its  entire  surface  at 
an  early  period,  and  this 
condition  has  alrcadv  been 
reached  in  the  earliest 
stages  known  and  conse- 
quently no  sinus  tenninalis 
such  as  occurs  in  the  rab- 
bit is  visible.  (Otherwise 
the  conditions  are  prob- 
ably similar  to  what  has  Imc.  u?.  -  Siufack  Vikw  ok  a  Pou- 
\>een  described   above,   the      ,^  Ciikk. 

first     circulation    dcvel<)ped    'IIk-  va>cnl:ir  lulwi.rk  !>;  rrpro^cntt'd 

liphicr    o^cMPi'-if-oil     xx'UU    iho        ^'>'  ^^^^-  ^^'-i^l^'^l  portion.     Ji{,  I>,Io<mI- 
Deing    a.ss()tiatC(l    Wltll    tlie        island:     .S7.     snl.stanco-island.— 

yolk-sac.  {nissc.) 

It  is  to  be  noted  that  the  capillary  network  of  the  area 
vasculosa  consists  of  relati\'ely  wide  anast(»mosing  spaces 
whose  endothelial  lining  rests  directly  upon  the  substance 
islands  (I'^ig.  1^3).  In  certain  of  the  embryonic  organs, 
notably  the  liver,  the  metanephrus  and  the  heart,  the  net- 
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vvoik  has  a  similar  character,  consisting  of  wide  anastomos- 
ing spaces  bounded  by  an  endothelium  which  rests  directly. 
or  almost  so,  upon  the  parenchyma  of  the  organ  (the  hepatic 
cylinders,  the  niesonephric  tubules,  or  the  cardiac  muscle 
trabccuhc)  (Figs,  137  and  180,  B).  To  this  form  of  cap- 
illary the  term  sinusoid  has  been  applied  (Minot),  and  it 
appears  to  \k  formed  by  the  expansion  of  the  wall  of  a  pre- 
viously existing  blood-vessel,  which  thus  moulds  itself,  as 
it  were,  over  the  parenchyma  of  the  organ.     The  true  cap- 


ij6, — The  Vascular  Areas 

AKC     ReHHESEHTEI>    BY     QlACK 

(run   Bencdt-n  and  Jiilin.) 


illaries,  on  tlie  other  hand,  are  more  definitely  tubular  in 
form,  are  usnally  imbedded  in  niesenchymatous  connective 
tissue  and  are  developed  in  the  same  manner  as  tlie  primary 
capillaries  of  the  area  vasculosa,  by  the  aggregation  of  vasi- 
factive cells  to  form  cords,  and  the  subsequent  hollowing 
out  of  these.  Whether  these  vasifactive  cells  are  new  dif- 
ferentiaiions  of  the  embryonic  mesenchyme  or  are  budded 
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off  from  the  walls  of  existing  capillaries  which  have  grown 
in  from  extra-embryonic  regions,  is  at  present  undecided. 

The  Formation  of  the  Blood. — The  erythrocytes,  which 
are  the  first  blood-corpuscles,  are  all  nucleated  and  are  for 
a  time  the  only  cells  occurring  in  the  blood,  though  later 
other  cells  arising  in  tissues  exterior  to  the  blood-vessels, 
make  their  way  into  the  vessels,  forming  leukocytes.  From 
their  very  first  formation  then  the  red  (erythrocytes)  and 
white  (leukocytes)  blood-corpuscles  have  a  different  origin, 
and  they  remain  distinct  throughout  life,  one  form  never 
becoming  converted  into  the  other. 

So  long  as  the  formation  of  blood-vessels  is  taking  place 
in  the  extra-embryonic  mesoderm,  so  long  are  new  erythro- 
C3rtes  being  differentiated  from  the  mesoderm.  But  whether 
the  formation  of  blood-vessels  within  the  embryo  results 
from  a  differentiation  of  the  enibrvonic  mesoderm  ///  situ, 
or  from  the  actual  ingrowth  of  vessels  from  the  extra- 
embryonic regions  (His),  is  as  yet  uncertain,  and  hence  it  is 
also  uncertain  whether  erythrocytes  arc  difFerentiated  from 
the  embryonic  mesoderm  or  merely  jiass  into  the  embrycMiic 
region  from  the  more  peripheral  areas.  However  this  may 
be,  it  is  certain  that  the  erythrocytes  increase  by  division  in 
the  interior  of  the  embryo,  and  that  there  are  certain  por- 
tions of  the  body  in  which  these  divisions  take  place  most 
abundantly,  partly,  perhaps,  on  account  of  the  nmre  favor- 
able conditions  of  nutrition  which  they  present  and  partly 
because  they  are  regions  where  the  circnlatic^n  is  sluggish 
and  permits  the  accumulatinn  of  erythrocytes.  Hicse  re- 
gions constitute  what  have  been  termed  the  hccmaiopoxclk 
organs,  and  are  especially  noticeable  in  the  later  stages  of 
fetal  life,  diminishing  in  number  and  variety  about  the  time 
of  birth.  Tt  must  be  remembered,  however,  that  the  life  of 
individual  corpuscles  is  comparatively  short,  their  death  and 
disintegration  taking  place  continually  during  the  entire  life 
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of  tlie  uidivicliial,  so  that  there  is  a  necessity  for  tlie  forma- 
tion of  new  corpuscles  and  for  the  existence  of  ha;mati> 
poietic  organs  at  all  stages  of  life. 

In  the  fetus  erythroLytes  in  process  of  division  may  be 
fonnd  in  the  general  circnlalicni  and  even  in  the  heart  itself, 
hilt  they  are  much  more 
plentiful  in  places  where 
the     blood-pressure     is  1 
diminished,   as,    for    in- 
stance,    in     the     larger 
capillaries  of  the  lower 
limbs  and   in   the  capil- 
laries of  all  the  visceral   ' 
organs  and  of  the  sul> 
cutaneous  tissues.     Cer- 
tain    organs,     however, 
such   as   the  liver,   the  | 
spleen,    and    the    bone-    1 
marrow,  present  especi- 
ally favorable  conditions 

c.    Erylhrocytps    in    ihe    liver   siihslance     for      the      multiplication 

("1' j/r  ^mVAo'  ''■  ''*^^''^  ""'*"  '"'f  "i*^  bUHKlKrells.  and  in 
these  not  only  are  the 
capillaries  enlarged  so  as  to  afford  resting-places  for  the 
corpuscles,  but  gaps  apjwar  in  the  walls  of  the  vessels 
through  which  the  blood-elements  may  pass  and  so  come 
into  intimate  relations  with  the  actual  tissues  of  the  org[ans 
(I-"ig.  127).  After  birth  the  hcematopoietic  function  of  the. 
liver  ceases  and  that  of  the  spleen  liecomes  limited  to  the 
formation  of  white  coqjiiscles,  though  the  complete  function 
may  be  re-established  in  cases  of  extreme  an.-Emia.  The 
Ixme-marrow.  however,  retains  the  function  completely, 
being  throughout  life  the  seat  of  formation  of  Ixjlh  red  and 
white  corpuscles,  the  hinpbatic  noiles  and  follicles,  as  well 
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as  the  spleen,  assisting  in  the  fomiation  of  the  latter  elements. 

Until  about  the  second  month  of  development  the  erythro- 
cytes and  leukocytes  are  the  only  elements  found  in  the 
blood,  and  in  the  h«xmatopoietic  organs  they  may  be  ohservcd 
in  active  mitosis.     In  addition  other  cells,  having  the  same 
general  appearance  as  the  erythrocytes  but  lacking  h.-emo- 
globin,  also  occur,  and  these,  which  may  be  termed  crytliro- 
blasis,  produce  by  division  erythrocytes  in   which  haMuo- 
globin  gradually  appears.     After  the  secon<l  month,  how- 
ever, a  third  form  of  blood-elcmcnts  appears  in  the  form  of 
non-nucleated  discs  containing  haemoglobin,  and  ibese  may 
be  termed  crythropUist'uis,     They  are  derived  from  the  ery- 
throcytes, whose  nuclei,  origi- 
nally   reticular    in    structure,     /^  4|||K    0^   /A      #. 
gradually  condense  to  becnme     ^^  ^^    ^^**^   Vj/      \j 
spherical,   deeplv   staining   ,.        ^,     ^,  ,,.  ^^. . 

masses,  and  are  finally  com-      hhoimion  <h-  an  i-'.kvihwmvik 
pletely    extruded     from    the      j^.,,  styUhi  ) 
cytoplasm   (I'lg.   128).     The 

cast-ofF  nuclei  undergo  degenerati<»n  and  pliagnrytic  ab- 
sorption by  the  leukncyles,  an<l  tlic  nias^e^  of  rytnphism 
pass  into  the  circulation,  becoming  nioiv  an<l  nmrt-  nnnu'n»ns 
as  develoi)ment  proceeds,  until  Inially  i1k'\'  arc  the  only 
haemoglobin-containing  elements  in  ilic  blood  and  form 
what  are  properly  termed  the  red  blood -cor]  )iisc1cn.  In  the 
later  fetal  and  the  post-natal  stages  erythrocyte^  arc  to  bo 
found  onlv  in  the  red  bone-marrow. 

In  the  formation  of  the  new  leukocytes  there  is  a  tendency 
for  the  dividing  cells  to  collect  in  nunc  or  less  delinite  groups 
which  have  been  termed  germ-centers  ( I'leniming).  The 
new  cells  when  they  first  pass  into  the  circulation  have  a  rela- 
tively large  inicleus  surrounded  by  a  small  amount  of  cyto- 
plasm, and,  since  they  resemble  the  cells  fonnd  in  the  lym- 
phatic vessels,  are  termed  lymphocytes.     In  the  circulaticjn 
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tlie  nuclei  become  larger  and  the  cytoplasm  more  voluminous 
and  amccboid,  the  cells  being  then  known  as  mononuclear 
leukocytes,  and  transitional  forms  lead  from  these  to  still 
larger  cells  with  irregularly  lolsed  or  branched  nuclei,  the 
polymorphonuclear  leukocytes,  while  these  again  seem  to 
lead  to  polynuclcar  cells.  It  is  probable  that  these  various 
kinds  of  cells  stand  in  genetic  relation  to  one  another,  the 
polymorphonuclear  and  polynuclear  forms  perhaps  repre- 
senting the  commencement  of  the  degeneration  and  break- 
ing down  of  the  elements. 

In  the  fetal  haematopoietic  organs  and  in  the  bime-marrow 
of  the  adult  large,  so-called  giitnt-ccUs  are  found,  whicli. 
although  they  do  not  enter  into  the  general  circulation,  are 
yet  a,ssQciated  with  the  development  of  the  blood-corpuscles. 
These  giant-cells  as  they  nccur  in  the  bone-marrow  are  of 
two  kinds  which  seem  to  be  quite  distinct,  although  both  are 
probably  formed  from  leukocytes.  In  one  kind  the  cyto- 
plasm contains  several  nuclei,  whence  they  have  been  termed 
polycoryocylfs.  and  they  seem  to  he  the  cells  which  have  al- 
ready Ijeen  mentioned  as  oste<"H:lasts  (p.  165).  In  the  other 
kind  (Fig.  129)  the  nucleus  is  single,  but  it  is  large  and 
irregular  in  shape,  frequently  appearing  as  if  it  were  pro- 
ducing buds,  Tliese  mcgacaryocytcs  appear  to  be  phago- 
cytic cells,  having  as  their  function  the  destruction  of  degen- 
erated corpuscles  and  of  the  nuclei  of  the  erythrocytes. 

Little  is  certainly  known  as  yet  as  to  the  origin  of  the 
blood-platelets,  though  the  most  plausible  suggestion  is  that 
tbey  are  the  fragmented  nuclei  of  broken-down  leukocytes. 

The  question  of  the  origin  of  the  various  forms  of  blood- 
elements  is  a  very  difficult  one.  and  llie  opinions  of  some  ob- 
servers are  very  different  from  some  of  the  statements  made 
above.  Tlius  it  has  been  maintained  that  the  nuclei  of  the 
erythrocytes  are  not  extruded  in  the  fnnnation  of  erj'thro- 
plastids,  but  undergo  a  degeneration  within  the  original  cell; 
tliat  mesendiymc  cells  of  the  marrow   become  transformed 


I 


THE    FORMATION    OF    THE    HEART. 


241 


into  leiiknc\tes,  that  the  polymorphonuclear  and  polynuclear 
leukoc\tLS  are  not  stages  leading  to  disintegration,  but  repre- 
sent stages  of  amitotic  division  etc  It  is  impossible  in  the 
limits  of  the  present  work  to  discuss  these  various  ideas,  and 
the  views  which  ha\e  seemed  to  be  most  strongly  supported 
by  observations  have  been  chosm  for  presentation. 


Fig.  129.— Portion  of  a  Section  from  the  Liver  of  an  Rmbryo  Cat 

OF   2.7    MM.    SHOWING    A    MEGACARVOCYTe    SukROUKllED    BV    KRVTHRO- 
CYTES    IN    A    BUX)D-VESSEL. —  {HllWClI.) 

The  Formation  of  the  Heart.— The  heart  makes  its  ap- 
pearance while  the  embryo  is  still  spread  out  upon  the 
surface  of  the  yolk-sac,  and  arises  as  two  separate  portions 
which  only  later  come  into  contact  in  the  median  line. 
On  each  side  of  the  body  near  the  margins  of  the  embry- 
onic area  a  fold  of  the  splanchnopleure  appears,  projecting 
into  the  coeloniic  cavity,  and  within  this  fold  a  very  thin- 
walled  sac  is  formed,  probably  by  a  splitting  otif  of  its  in- 
nermost cells  (Fig.  130,  A).  Each  fold  will  produce  a 
portion  of  the  muscular  walls  (myocardium)  of  the  heart, 
and  each  sac  part  of  its  endothelium  (endocardium).  As 
the  constriction  of  the  embryo  from  the  yolk-sac  proceeds, 
the  two  folds  are  gradually  brought  nearer  together  (Fig. 
130,  B),  until  they  meet  in  the  mid-ventral  line,  when  the 
myocardial  folds  and  endocardial    sac  fuse  together  (Fig. 
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130,  C)  to  form  a  cylindrical  heart  lying  in  tlie  mid-ventral 
line  of  the  body,  in  front  of    the  anterior  surface  of    the 


fIV 


Fig.    130,— Diaokams    iLi.usTHAri.Vfi    the    Fohmation    of   the    Heart 

IN  THE  GUINEA-PIO. 

The  mesoderm  is  represented  in  black  and  ihc  endocardium  by  a  broken 
line.  am.  Amnion;  ert,  endoderm;  h,  heart;  1,  digestive  tract. — 
iAfier  SIrahl  and  Cariitt.) 

yolk-sac  and  in  what  will  later  be  the  cervical  region  of  the 
body.  At  an  early  stage  the  various  veins  which  have  already 
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been  formed,  the  omphalo-mesenterics,  umbilicals,  jugulars 
and  cardinals,  unite  together  to  open  into  a  sac-Hke  struc- 
ture, the  sinus  venosus,  and  this  opens  into  the  posterior 
end  of  the  heart  cylinder.  The  anterior  end  of  the  cylinder 
tapers  off  to  form  the  aortic  bulb,  which  is  continued  for- 
ward on  the  ventral  surface  of  the  pharyngeal  region  and 
carries  the  blood  away  from  the  heart.     Tlie  blood  accord- 


a.  airium;  ab,  aortic  bulb;  d,  dia- 
phragm; dc,  ductus  Cuvieri;  /, 
liver;  v.  venlricle;  vj,  jugular 
vein;  Mt,  umbilical  vein.— (ffw.) 


Fig.    132.— Heart  of  Embryo  or 

4.2   MM.   SEEN    FROU   THE  DOHSAL 
SOUFACE. 

DC,     Ductus     Cuvicri ;     lA,     left 

jugular  vein;  VI,  left  venlricle; 
Mt,  umbilical  \tin.—(Hu.) 


ingly  opens  into  the  posterior  end  of  the  heart  tube  and 
flows  out  from  its  anterior  end. 

The  simple  cylindrical  form  soon  changes,  however,  the 
heart  tube  in  embryos  of  2.15  mm.  in  length  having  be- 
come bent  upon  itself  into  a  somewhat  S-shaped  curve 
(Fig.  131).  Dorsally  and  to  the  left  is  the  lower  end  into 
whicli  the  sinus  venosus  opens,  and  from  this  the  heart  i 
tube  ascends  somewhat  and  then  bends  so  as  to  pass  at  first  I 
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ventrally  and  then  downward  and  to  the  right,  where  it 
again  bends  at  first  dorsally  and  then  anteriorly  to  pass  over 
into  the  aortic  bulb.  Tlie  portion  of  the  curve  which  lies 
dorsally  and  to  the  left  is  destined  to  give  rise  to  both  atria, 
the  portion  which  passes  from  right  to  left  represents  the 
future  left  ventricle,  while  the  succeeding  portion  repre- 
sents the  right  ventricle.  In  later  stages  (Fig.  132)  the 
left  ventricular  iMjrtinn  drops  downward  in  front  of  the 
atrial  portion,  assuming 
a  more  horizontal  position. 
while  the  portion  which 
represents  the  right  ven- 
tricle is  drawn  forward 
so  as  to  lie  in  the  same 
plane  as  the  left. 

At  the  same  time  two 
small  out-pouchings  de- 
velop from  the  atrial  part 
of  the  heart  and  form 
the  first  indications  of  the 
.■\s  develop- 
ment progresses,  these  in- 
crease in  size  to  form  large  pouches  opening  into  a  common 
atrial  canal  (Fig.  133)  which  is  directly  continuous  with 
the  left  ventricle,  and  as  the  enlargement  of  the  pouches 
continues  their  openings  into  the  canal  enlarge,  until  finally 
the  pouches  become  continuous  with  one  another,  forming 
a  single  large  sac,  and  the  atrial  canal  liccomes  reduced  to 
a  short  tube  which  is  slightly  invaginated  into  the  ventricle 
(Fig.  134). 

In  the  meantime  the  sinus  venosus.  which  was  originally 
an  ov-al  sac  and  opened  into  the  atrial  canal,  has  elongated 
transversely  until  it  has  assumed  the  form  of  a  crescent 
whose  convexity  is  in  contact  with  the  walls  of  ihe  atria, 


Pip-    133.— Heart   op    Embhvo   OF   5 
Mu.,   Seen    fkom    in    Front  and   two     atria. 
SLIGHTLY   FKOM    Above.— (Hw.) 


THE    FORMATION    OF    THE    HEART. 


and  its  opening  into  the  heart  has  verged  towani  the 
until  it  is  situated  entirely  witliin  the  area  of  the  right 
atrium.  As  the  enlargement  of  the  atria  continues,  the  right 
horn  and  median  portion  of  the  crescent  are  gradually 
taken  up  into  their  walls,  so  that  the  various  veins  which 
originally  opened  into  the  sinus  now  open  directly  into  the 
right  atrium  by  a  single  opening,  guarded  by  a  projecting 


1 

le  right,        ^H 
le    rieht        ^H 


/v^'i 


:A^^^y 


— Inner  Suhface  of  the  Heart  of  an  Embkv 
■venlricular  ihickcning;  sp,  sepium  spuriiim; 
m ;   sv,   sepium   venlriciili ;   vc.   Eustachian   valve. — (Hi 


fold  which  is  continued  upon  the  roof  of  the  atrium  asa  mus- 
cular ridge  known  as  the  septum  spurium  (Fig.  134,  sp). 
The  left  horn  of  the  crescent  is  not  taken  up  into  the  atrial 
wall,  but  remains  upon  its  posterior  surface  as  an  elongated 
sac  forming  the  coronary  sinus. 

The  division  of  the  now  practically  single  atrial  cavity 
into  the  permanent  right  and  left  atria  begins  with  the  for- 
mation of  a  falciform  ridge  running  dorso-ventrally  across 
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Ilie  roof  of  the  cavity.  This  is  the  atrial  septum  or  septum 
primum  (Fig.  134,  ss),  and  it  rapidly  increases  in  size  and 
thickens  upon  its  free  margin,  which  reaches  almost  to  the 
upper  hnrder  nf  the  short  atrial  canal  (Fig.  136).  The 
continuity  of  the  two  atria  is  thus 
almost  dissolved,  but  is  soon  re- 
established by  the  formation  in 
the  dorsal  part  of  the  septum  of 
an  opening  which  soon  reaches  a 
considerable  size  and  is  known  as 
the  foramen  ovale  (Fig,  133,  fo). 
Close  to  the  atrial  septum,  and 
parallel  with  it,  a  second  ridge 
appears  in  the  roof  and  ventral 
wall  of  the  right  atrium.  This 
scpium  secundum  (i"-.)  is  from 
the  beginning  very  much  thicker 
than  the  atrial  septum,  and  its 
free  edge,  arching  around  the 
ventral  edge  and  floor  of  the  fora- 
men ovale,  becomes  continuous 
with  the  left  lip  of  the  fold  which 
guards  the  opening  of  the  smus 
venosus  and  with  this  forms  the  anitulus  of  Vicusscns  of 
tlie  adult  heart. 

When  the  absorption  of  the  sinus  venosus  into  the  wall  of 
the  right  atrium  has  proceeded  so  far  that  the  veins  com- 
municate directly  with  the  atrium,  the  vena  cava  superior 
opens  into  it  at  the  upper  part  of  the  dorsal  wall,  the  vena 
cava  inferior  more  laterally,  and  below  this  is  the  smaller 
opening  of  the  coronary  sinus.  The  upper  portion  of  the 
right  lip  of  the  fold  which  originally  surrounded  the  open- 
ing of  the  sinus  venosus,  together  with  the  septum  spurium. 
gradually  disap]jears  ;  the  lower  portion  persists,  however, 


Right  Auricle  H, 
Removed. 
fo.  Foramen  ovale;  pa,  pul- 
monary artery;  Si,  septum 
primum;  St,  seplum  secun- 
dum; Sa,  systemic  aorla; 
y,  right  ventricle ;  vd 
and     vcs,     inferior     and 
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and  forms  (i)  the  Eustachian  valve  (Fig.  135,  Ve) 
ing  the  opening  of  the  inferior  cava  and  directing  the  blood 
entering  by  it  toward  the  foramen  ovale,  and  (2)  the 
Thebesian  valve,  which  gnards  the  opening  of  the  coronary 
sinus.  At  first  no  veins  communicate  with  the  left  atrium, 
but  on  the  development  of  the  lungs  and  the  establishment 
of  their  vessels,  the  pulmonary  veins  make  connection  with 
it.  Two  veins  arise  from  each  lung,  and  as  they  pass 
toward  the  heart  they  unite  in  pairs,  the  two  vessels  so 
formed  again  uniting  to  form  a  single  short  trunk  which 
opens  into  the  upper  part  of  the  atrium  (Fig.  136,  Vep). 
As  is  the  case  wiih  the  right  atrium  and  the  sinus  venosus, 
the  expansion  of  the  left  atrium  brings  about  the  absorp- 
tion of  the  short  single  trunk  into  its  walls,  and,  the  ex- 
pansion continuing,  the  two  vessels  are  also  absorbed,  so 
that  eventually  the  four  primary  veins  open  independently 
into  the  atrium. 

While  the  atrial  septa  have  been  developing  there  has 
appeared  on  the  dorsal  wall  of  the  atrial  canal  a  tuberde- 
like  thickening  of  the  endocardium,  and  a  similar  thicken- 
ing also  forms  on  the  ventral  wall.  These  endocardial 
cushions  increase  in  size  and  finally  unite  together  by  their 
tips,  forming  a  complete  partition,  dividing  the  atrial  canal 
into  a  right  and  left  half  (Fig.  136).  With  the  upper 
edge  of  this  partition  the  thickened  lower  edge  of  the  atrial 
septum  unites,  so  that  the  separation  of  the  atria  would  be 
complete  were  it  not  for  the  foramen  ovale. 

While  these  changes  have  been  taking  place  in  the  atrial 
portion  of  the  heart,  the  separation  of  the  right  and  left 
ventricles  has  also  been  progressing,  and  in  this  two  dis- 
tinct septa  take  part.  From  the  floor  of  the  ventricular 
cavity  along  the  line  of  junction  of  the  right  and  left  por- 
tions a  ridge,  composed  largely  of  muscular  tissue,  arises 
(Figs.  134  and  136),  and.  growing   more   rapidly 


247  ^M 

),  guard-      ^M 
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dorsal  than  its  ventral  portion,  it  comes  into  contact  anil 
fuses  with  the  dorsal  part  of  the  partition  of  the  atrial 
canal.     Ventrally,  however,  the  ridge,  known  as  the  vcn- 


FiG.  136.— Sectlon  through  a  Rkosstkuction  of  the  Heabt  of  a 
Rabbit  Embryo  of  lai  uu. 

.-id  and  Ad^.  Right  and  As,  left  alriiim;  Bwi  and  Bxv,,  lower  ends  of 
the  ridges  which  divide  the  aortic  bulb;  Eh.  endocardial  cushion; 
En.r  and  £».J,  thickenings  of  ihe  cushion ;  la,  interatrial  and 
/v,  inter  ventricular  communication ;  Si,  seplutn  primuni ;  Sd,  right 
and  Ss.  left  horn  of  the  sinus  vcnosus;  S.iv,  ventricular  septum; 
SM,  opening  of  the  sinus  venosus  into  the  alriura ;  Trf,  right  and 
I'j,  left  ventricle;  t'ej.  jugular  vein;  I'ep,  pulmonary  vein;  I'vd 
and  yvi,  right  and  left  limbs  of  the  valve  guarding  the  opening 
of  the  sinus  venosus.— (fiflrti.) 


Iriculiir  septum,  fails  to  reach  the  ventral  part  of  the  par- 
tition, so  that  an  oval  foramen,  situated  just  below  the 
point   where  the  aortic  bulb  arises,   still   remains  between 
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the  two  ventricles.  This  opening  is  finally  closed  by  what  is 
termed  the  aortic  septum.  This  makes  its  appearance  in  the 
aortic  bulb  just  at  the  point  where  the  first  lateral  branches 
which  give  origin  to  the  pulmonary  arteries  (see  p.  256) 
arise,  and  is  formed  by  the  fusion  of  the  free  edges  of  two 
ridges  which  develop  on  opposite  sides  of  the  bulb.  From 
its  point  of  origin  it  gradually  extends  down  the  bulb  until 
it  reaches  the  ventricle,  wliere  it  fuses  with  the  free  edge 
of  the  ventricular  septum  and  so  completes  the  separation 
of  the  two  ventricles  (Fig.  135).  The  bulb  now  consists 
of  two  vessels  lying  side  by  side,  and  owing  to  the  position 
of  the  partition  at  its  anterior  end,  one  of  these  vessels, 
that  which  opens  into  the  right  ventricle,  is  continuous  with 
the  pulmonary  arteries,  while  the  other,  which  opens  into 
the  left  ventricle,  is  continuous  with  the  rest  of  the  vessels 
which  arise  from  the  forward  continuation  of  the  bulb.  As 
soon  as  the  development  of  the  partition  is  completed,  two 
grooves,  correspomling  in  position  to  the  lines  of  attach- 
ment of  the  partition  on  the  inside  of  the  bulb,  make  their 
appearance  on  the  outside  and  gradually  deepen  until  they 
finally  meet  and  divide  the  bulb  into  two  separate  vessels, 
one  of  which  is  the  pulmonary  aorta  and  the  other  the  sys- 
temic aorta. 

In  the  early  stages  of  the  heart's  development  the  muscle 
bundles  which  coinpose  the  wall  of  the  ventricle  are  very 
loosely  arranged,  so  that  the  ventricle  is  a  somewhat  spongy 
mass  of  muscular  tissue  with  a  relatively  small  cavity.  As 
development  proceeds  the  bundles  nearest  the  outer  surface 
come  closer  together  and  form  a  compact  layer,  those  on 
the  inner  surface,  however,  retaining  their  loose  arrange- 
ment for  a  longer  time  (Fig.  136).  The  lower  edge  of 
the  atria!  canal  becomes  prolonged  on  the  left  side  into  one, 
and  on  the  right  side  into  two,  flaps  which  project  down- 
ward into  the  ventricular  cavity,  and    an  additional  flap 
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arises  on  each  side  from  the  lower  edge  of  the  partition 
of  the  atrial  canal,  so  that  three  flaps  occur  in  the  right 
atrio-ventricular  opening  and  two  in  the  left.     To  the  under 


Fig.  137.— Diagrams  of  Sei-tkins  thuouch  the  Heart  of  Emuvo 
Rabbits  to  show  the  Mode  of  Division  of  the  Ventwcles  and 

OF  THE   A TBIO- VENTRICULAR   OhIFICE. 

An,  Aorta;  Ar.p,  pulmonary  artery;  B,  aortic  bulb;  fliw,  one  of  the 
ridges  which  divide  ihe  bulb;  Eo.  and  Em,  upper  and  lower  thicken- 
ings of  the  margins  of  the  atrio-ventricular  orifice ;  F.ov.e,  the 
onginal  at rio- ventricular  orifice;  F.av.d  and  F.av.s.  right  and 
left  at  rio- ventricular  orifices;  Oi.  interventricular  communication; 
S.iv,  ventricular  septum;  Fd  and  Vs,  right  and  left  ventricles. 
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surfaces  of  these  flaps  the  loosely  arranged  muscular  tra- 
becule of  the  ventricle  are  attached,  and  muscular  tissue 
also  occurs  in  the  flaps.  This  condition  is  transitory,  how- 
ever ;  the  muscular  tissue  of  the  flaps  degenerates  to  form 
a  dense  layer  of  connective  tissue,  and  at  the  same  time  the 
muscular  trabecule  undergo  a  condensation.  Some  of 
them  separate  from  the  flaps,  which  represent  the  atrio- 
ventricular valves,  and  form  muscle  bundles  which  may 
fuse  throughout  their  entire  length  with  the  more  compact 
portions  of  the  ventricular  walls,  or  else  may  be  attached 


;  Development 

h,  Muscular  Irabeculx;  cht,  chordx  tendinex;  tnk  and  mk^,  vah 

museiitus   papillaris ;    tc.    trabcculte    carncx ;    v,    ventricle— 
Herhvig,  after  Gcgenbaur.) 
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on!y  by  their  ends,  forming  loops;  these  two  varieties  of 
muscle  bundles  constitute  the  trabccula-  cornea:  of  the  adult 
heart.  Other  bundles  may  retain  a  transverse  direction, 
passing  across  the  ventricular  cavity  and  forming  the  so- 
called  moderator  bands;  while  others,  again,  retaining 
their  attachment  to  the  valves,  condense  only  at  their  lower 
ends  to  form  the  miisculi  papitlares,  their  upper  portions 
undergoing  conversion  into  strong  though  slender  fibrous 
cords,  the  chorda  tcndinca  (Fig.  138}. 

The  endocardinal  lining  of    the  ventricles  is  at  first  a 
simple  sac  separated  by  a  distinct  interval  from  the  myocat;^ 


2S2 


THE   FORMATION   OF   THE   HEART. 


diuni,  but  wlien  the  condensation  of  the  muscle  trabecula? 
occurs  the  endocardium  applies  itself  closely  to  the  irregu- 
lar surface  so  formed,  dipping  into  all  the  crevices  between 
the  trabecule  carneje  and  wrapping  itself  around  the  mus- 
culi  papillares  and  chord.T  tendineae  so  as  to  form  a  com- 
plete lining  of  the  inner  surface  of  the  myocardium. 

Tiie  aortic  and  puhnonary  semilwtor  valves  make  their 
appearance,  before  the  aortic  bulb 
undergoes  its  longitudinal  split- 
ting, as  four  tubercle-like  thicken- 
ings of  connective  tissue  situated 
on  the  inner  wall  of  the  bulb  just 
where  it  arises  from  the  ventricle 
When  the  division  of  the  bulb  ocmrs, 
two  of  the  thickenings,  situated  on 
opposite  sides,  are  divided,  so  that 
both  the  pulmonary  and  systemic 
thickenings  (Fig.  139).  Later  the 
thickening  becomes  hollowed  out  on  the  surfaces  directed 
away  from  the  ventricles  and  are  so  converted  into  the 
pouch-like  valves  of  the  adult. 

Changes  in  the  Heart  after  Birth. — The  heart  when  first 
formed  lies  far  forward  in  the  neck  region  of  the  embryo, 
between  the  head  and  the  anterior  surface  of  the  yolk-sac, 
and  from  this  position  it  gradually  recedes  until  it  reaches 
its  final  position  in  the  thorax.  And  not  only  does  it  thus 
change  its  relative  position,  but  the  direction  of  its  axes  also 
changes.  For  at  an  early  stage  the  ventricles  lie  directly 
in  front  of  {1.  c..  ventra<l  to)  the  atria  and  not  below  them 
as  in  the  adult  heart,  and  this  primitive  condition  is  retained 
imtil  the  diaphragm  has  reached  its  final  position  (see 
[>■  342). 

In  additiiin  to  these  changes  in  position,  important 
changes    also    occur    in    the    atrial    septum    after    birth. 
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Throughout  the  entire  period  of  fetal  life  the  foramen 
ovale  persists,  permitting  the  blood  returning  from  the 
placenta  and  entering  the  right  atrium  to  pass  directly 
across  the  left  atrium,  thence  to  the  left  ventricle,  and  so 
out  to  the  body  through  the  systemic  aorta  (see  p.  284). 
At  birth  the  lungs  begin  to  function  and  the  placental  cir- 
culation is  cut  off,  so  that  the  right  atrium  receives  only 
venous  blood  and  the  left  only  arterial;  a  persistence  of 
the  foramen  ovale  beyond  this  period  would  be  injurious, 
since  it  would  ])ermit  of  a  mixture  of  the  arterial  and  venous 
bloods,  and,  consequently,  it  closes  completely  soon  after 
birth.  The  closure  is  made  possible  by  the  fact  that  during 
the  growth  of  the  heart  in  size  the  portion  of  the  atrial 
septum  which  is  between  the  edge  of  the  foramen  ovale 
and  the  dorsal  wall  of  the  atrium  increases  in  width,  so 
that  the  foramen  is  carried  further  and  further  away  from 
the  dorsal  wall  of  the  atrium  and  comes  to  be  almost  com- 
pletely overlapped  by  the  aunulus  of  Vieussens  (Fig.  133). 
This  process  continuing,  the  dorsal  portion  of  the  atrial 
septum  finally  overlaps  the  free  edge  of  the  aunulus,  and 
after  birth  the  fusion  of  the  overlapping  surfaces  takes 
place  and  the  foramen  is  completely  closed. 

In  a  large  percentage  (25  to  30  per  cent.)  of  individuals  the 
fusion  of  the  surfaces  of  the  septum  and  annulus  is  not  com- 
plete, so  that  a  slit-like  opening  persists  between  the  two  atria. 
This,  however,  does  not  allow  of  any  mingling  of  the  blood  in 
the  two  cavities,  since  when  the  atria  contract  the  pressure 
of  tlie  blood  on  both  sides  will  force  the  overlapping  folds  to- 
gether and  so  practically  close  the  opening.  Occasionally  the 
growth  of  the  dorsal  portion  of  the  septum  is  imperfect  or  is 
inhibited,  in  which  case  closure  of  the  foramen  ovale  is  im- 
possible. 

The  Development  of  the  Arterial  System. — It  has  been 
seen  that  the  formation  of  the  blood-vessels  begins  in 
extra-embryonic  splanchnic  mesoderm  surrounding  the  yolk- 
sac  anti  extends  thence  toward  the  embryo.     The  two  orig^ 
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inal  omphalo-meseuteric  arteries,  entering  the  body  of  the 
embryo  along  the  yo!k-sta!k,  make  their  way  to  the  dorsal 
wall  of  the  abdomen,  and,  growing  forward  and  backward, 
give  rise  to  two  longitudinal  stems,  the  representatives  of 


Fig.  140. — REios-Liii  iiiu\  i:]-  Imbrvo  of  x.6  mm, 
»,  Amnion;  B,  bclly-^lalk;  E,  opiic  tvnginalion;  H.  heart;  Mb,  msn- 
dibular  process ;  O,  auditory  capsule ;  om,  oniphalo-mMctiteric  vein ; 
V,  umbilical  vein;    1-',  yolk-stalk.— (i/ij.) 


the  dorsal  aorta.  From  near  the  posterior  ends  of  these 
there  arise  at  an  early  stage  two  branches,  which  pass  out 
along  the  allantois  into  the  lielly-stalk  and  so  to  the  chorionic 
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villi,  forming  the  allatUoidcan  or  umbilical  arteries,  while 

anteriorly  each  aorta  sends  brandies  ventrally  in  the  anterior 

branchial  arches,  and  these,  uniting  together,  pass  backward 

along  the  floor  of  the  pharynx  to  become  continuous  with  the 

aortic  bulb   (Fig,   140).     Later  the  two  dorsal  aort^  fuse 

together  as   far   forward 

as  the  region  of  the  eighth 

cervical  segment  to  form 

a  single  trunk   (  Fig. 

141),    and    the   left    om- 

phaio-mesenteric    artery 

disappears,  the  right  one 

persisting    to     form     the 

superior  mesenteric  artery 

of  the  adult. 

It  will  be  convenient  to 
consider  first  the  history 
of  the  vessels  which  pass 
ventrally  in  the  branchial 
arches.  Altogether,  six 
of  these  vessels  are  de- 
veloped, the  fifth  being 
rudimentary  and  transi- 
tory, and  when  fully 
formed  they  have  an  ar- 
rangement which  may  be 
understood  from  the 
diagram  (Fig.  141).  This  arrangement  represents  a  condi- 
tion which  is  permanent  in  the  lower  vertebrates.  In  the 
fishes  the  respiration  is  performed  by  means  of  gills  devel- 
oped upon  the  branchial  arches,  and  the  heart  is  an  organ 
which  receives  venous  blood  from  the  body  and  pumps  it  to 
the  gills,  in  which  it  becomes  arterialized  and  is  then  collected 
into  the  dorsal  aortae,  which  distribute  it  to  the  body.     But 


iG.     141. — DiACKAM      Illustsating 

THE      PklMAkY      AhHANGEUBNT     Of 

THE  Brancuiai.  Anca  Vessels. 
aoria;  ab,  aortic  bulb;  ec,  external 
caroiid;    iV,    inlernal    carotid;    ac, 
subclavian;    /-K/,  branchial  arch 
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in  terrestrial  animals,  with  the  loss  of  the  gills  and  the  devel- 
opment of  the  lungs  as  respiratory  organs,  the  capillaries  of 
the  gills  disappear  and  the  afferent  and  efferent  branchial 
vessels  become  continuous,  the  condition  represented  in  tlie 
diagram  resulting. 

But  this  comlitioii  is  merely  temporary  in  the  mammalia 
and  numerous  changes  occur  in  the  arrangement  of  the 
vessels  before  the  adult  plan  is  realized.  The  first  change 
is  a  disappearance  of  the  vessel  of  the  first  arch,  the  ventral 
stem  from  which  it  arose  being  continued  forward  to  form 
the  temporal  arteries,  giving  off  near  the  point  where  the 
branchial  vessel  originally  arose  a  branch  which  represents 
the  internal  maxillary  artery  in  part,  and  possibly  also  a  sec- 
ond branch  which  represents  the  external  maxillary  (His). 
A  little  later  the  second  branchial  vessel  also  degenerates 
(F'ig.  142),  a  branch  arising  from  the  ventral  trunk  near 
its  former  origin,  possibly  representing  the  future  Ungual 
artery  (His),  and  then  the  portion  of  the  dorsal  trunk 
which  intervenes  between  the  third  and  fourth  branchial 
vessels  vanishes,  so  that  the  dorsal  trunk  anterior  to  the 
third  branchial  arch  is  cut  off  from  its  connection  with  the 
dorsal  aorta  and  forms,  together  with  the  vessel  of  the  third 
arch,  the  internal  carotid,  while  the  ventral  trunk,  anterior 
to  the  point  of  origin  of  the  third  vessel,  becomes  the  exter- 
nal carotid,  and  the  portion  which  intervenes  between  the 
third  and  fourth  vessels  becomes  the  common  carotid  (Fig. 
■43)- 

The  rudimentary  fifth  vessel,  like  the  first  and  second, 
disappears,  but  the  fourth  persists  to  form  the  aortic  arch, 
there  being  at  this  stage  of  development  two  complete  aortic 
arches.  From  the  sixth  vessel  a  branch  arises  which  passes 
backward  to  the  lungs,  forming  the  pulmonary  artery,  and 
the  portion  of  the  vessel  of  the  right  side  which  intervenes 
between  this  and  the  aortic  arch  disappears,  while  the  corre- 
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sponding  portion  of  the  left  side  persists  until  after  birth, 
forming  the  ductus  arteriosus  (duclus  BotalU)  (Fig.  143). 
When  the  longitudinal  division  of  the  aortic  bulb  occurs 
(p.  249),  the  septum  is  so  arranged  as  to  place  the  sixth 
arch  in  communication  with  the  right  ventricle  and  the 
remaining  vessels  in  connection  with  the  left  ventricle,  the 
only  direct  communication  between  the  systemic  and  pnl- 


FiG.  143. — Arterial  System  of  an  Emhrvo  of  10  uu. 

Ic,  Imemal  carnlid;  P,  pulmonary  arlery;  K*.  vertebral  arlery;  III  I 

K/,  persistent  branchial  vessels, — (His.) 

monary  vessels  being  by  way  of  the  ductus  arteriosus,  whose 
significance  will  be  explained  later  (p.  384). 

One  other  change  is  still  necessary  before  the  vessels 
acquire  the  arrangement  which  they  possess  during  fetal 
life,  and  this  consists  in  the  disapi>earance  of  the  lower  por- 
tion of  the  right  aortic  arch  (Fig.  143),  so  that  the  left 
arch  alone  forms  the  connection  between  the  heart  and  the 
dorsal  aorta.  The  upper  part  of  the  right  aortic  arch  per- 
sists to  form  the  proximal  part  of  the  right  subclavian 
artery,  the  ]K)rtion  of  the  ventral  trunk  which  unites  the 
arch  with  the  aortic  bulb  becoming  the  innominate  artery. 


I$S 


venuorjnLST  of  the  astxbxal  system. 


1  in  the  ^H 


FpxD  tbe  cntiFe  length  of  the  tbontcic  aorta,  and 
embryo  from  dkc  aortic  arcbes,  lateral  bvaodies  arise  corre- 
spoodii^  to  eajdi  seg- 
ment and  acconqianj- 
ing  the  segmealal 
ncn-es.  The  first  of 
these  brandies  arises 
just  below  the  point 
of  miion  of  the  vessel 
"f  the  sixth  arch  with 
ilie  dorsal  trunk  and 
accompanies  the  hj-po- 
glossal  nene  <  Fig.  144. 
A),  and  that  which  ac- 
companies tlie  seventh 
cervical  nerve  arises 
just  alKwe  the  point  of 
union  of  the  livo  aortic 
arches  (Fig.  144,  s), 
and  extends  out  into 
the  limb  bud,  forming 
the  subclavian  artery.* 
Further  down  twelve 
pairs  of  lateral  branches, 
arising  from  the  tho- 
racic portion  of  the 
aorta,  represent  the  in- 
tercostal arteries,  and 
still  lower  four  pairs  of 
1  umba  r  arteries  are 
presented  by  two  large 
size  to 


FlO.     i43.~DlAl.RAH    lU-U STRATI KC    THE 

Chahi;rs   in   tue  Branchial  Akch 

VK!I»E1.!1. 

0,  Boru;  da,  diicliis  arteriosus;  ec,  ex- 
Mt\  carotid ;  ie.  internal  carotid ;  pa, 
pulmonary  anery ;  sc,  subclavian ; 
I-t'!,  aorlic  arch  vessels. 


■Il  mutt  be  remembered  that  the  right  subclavian  of  ihe  adult  is 
more  ilian  cijuivaletii  lo  the  left,  since  it  represents  the  fourth  branchial 
veisel  4- a  jKiriioii  of  the  dorsal  longitudinal  trunk -f  the  lateral  seg- 
niciilal  branch  (sec  Fig.  142). 
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be  the  continuations  of  tlie  aorta  rather  than  branches 
The  tnie  continuation  of  the  aorta  is,  however,  the  middle 
sacral  artery,  which  represents  in  a 
caudal   prolongation    of 
the  aorta  of  other  mam- 


rated  form  the 


mals,  and,  like  this, 
gives  off  lateral  branche.'! 
corresponding  to  the 
sacral  segments. 

In  addition  to  the  seg- 
mental lateral  branches 
arising  from  the  aorta. 
visceral  branches,  which 
have  their  origin  rather 
from  the  ventral  sur- 
face, also  occur.  In  em- 
bryos of  5  mm.  these 
branches  are  arranged 
in  a  segmental  manner, 
a  median  unpaired  vessel 
passing  to  the  digestive 
tract  and  a  pair  of  more 
lateral  branches  passing 
to  the  mesonephros 
(see  p.  363)  correspond- 
ing to  each  of  the  paired 
branches  passing  to  the 
body  wall.  As  development  proceeds  the  great  majority 
of  these  visceral  branches  disappear,  certain  of  the  lateral 
ones  persisting,  however,  to  form  the  renal,  internal  sper- 
matic, and  hypogastric  arteries  of  the  adult,  while  the 
unpaired  branches  are  represented  only  by  the  coeliac 
artery  and  the  superior  and  inferior  mesenteries.  Tlie 
superior  mesenteric  artery  is  tlie  adult  representative  o£ 


Fig.  i44.-n:AGHAM  sho«isg  the  Re- 
lations OF  THE  Lateral  Branches 
TO  THE  Aortic  Arches. 

EC,  External  carotid ;  h.  laieral  branch 
acconipatiying  ihe  hypoglossal  nerve  1 
IC,  internal  carotid:  ICo,  intercostal; 
JM,  internal  mammary;  j,  sub- 
clavian; v^  vertebral;  /  to  VIU. 
lateral  cervical  branches;  i,  2,  lateral 
thoracic  branches. 
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the  omphalo- mesenteric  artery  of  the  embryo  and  arises 
from  the  aorta  by  two,  three  or  more  roots,  which  corre- 
sixmd  to  the  fifth,  fourth  and  higher  thoracic  segments. 
Later,  all  but  the  lowest  of  the  roots  disappear  and  tlie  per- 
sisting one  undergoes  a  downward  migration  in  accordance 
with  the  recession  of  the  diaphragm  and  viscera  (see  p. 
342),  nntil  in  embryos  of  17  mm.  it  lies  opposite  the  first 
lumbar  seginent.  Similarly  the  cosliac  and  inferior  mesen- 
teric arteries,  which  when  first  recognizable  in  embryos  of 
9  mm.  correspond  with  the  fourth  and  twelfth  thoracic 
segments  respectively,  also  undergo  a  secondary  downward 
migration,  the  ciehac  artery  in  embryos  of  17  mm.  arising 
opposite  the  twelfth  thoracic  and  the  inferior  mesenteric 
opposite  the  third  lumbar  segment. 

One  of  the  pairs  of  viscera!  branches  becomes  especially 
enlarged  to  form  the  umbilical  arteries  of  the  embryo.  It 
seems  probable  that,  like  the  omphalo-mesenterics,  each  of 
these  arteries  primarily  arises  from  the  aorta  by  several 
segmental  roots,  but  in  the  earliest  stage  in  which  it  has 
been  observed  it  arises  by  a  single  root  from  the  third  lum- 
bar segment  (Fig,  145,  U')-  Each  artery  passes  forward 
along  the  sides  of  the  intestine,  ventral  to  the  Wolffian  duct 
(see  p.  361 ),  and  is  thence  continued  out  along  the  allantois 
to  the  chorionic  villi,  Later  this  original  stem  is  joined, 
not  far  from  its  origin,  by  what  appears  to  be  the  lateral 
somatic  branch  of  the  fifth  lumbar  segment,  whereupon  the 
proximal  part  of  the  original  umbilical  vessel  degenerates 
and  the  umbilical  comes  to  arise  from  the  somatic  branch, 
which  is  the  common  iliac  artery  of  adult  anatomy  (Fig. 
145).  Hence  it  is  that  this  vessel  in  the  adult  gives  origin 
both  to  branches  such  as  the  external  iliac,  the  gluteal,  tlie 
sciatic  and  the  internal  pudendal,  which  are  distributed  to 
the  body  walls  or  their  derivatives,  and  to  others,  such  as 
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the  vesical,  inferior  hemorrhoidal  and  uterine,  which  are 
distributed  to  the  pelvic  viscera.  At  birth  the  portions  of 
the  umbilical  arteries  beyond  the  umbilicus  are  severed  when 
the  umbilical  cord  is  cut.  and  their  intra-emhryonic  portions, 
which  have  been  called  the  Ityf^ogastric  arteries,  quickly 
undergo  a  reduction  in  size.  Their  proximal  portions  re- 
main functional  as  the 
superior  vesical  arteries, 
carrying  blood  to  the 
urinary  bladder,  but  the 
portions  which  intervene 
between  the  bladder  and 
the  umbilicus  become  re- 
duced to  solid  cords, 
forming  the  obliterated 
hypogastric  arteries  of 
adult  anatomy, 

In  its  general  plan, 
accordingly,  the  arterial 
system  may  be  regarded 
as  consisting  of  a  pair  - 
of  longitudinal  vessels 
which  fuse  together 
throughout  the  greater 
portion  of  their  length  to 
form  the  dorsal  aorta, 
from  which  there  arise 
segmentally  arranged  lateral  somatic  branches  and  ventral 
and  lateral  visceral  branches.  With  the  exception  of  the 
aortic  trunks  (together  with  their  anterior  continuations,  the 
internal  carotids)  and  the  external  carotids,  no  longitudinal 
arteries  exist  primarily.  In  the  adult,  however,  several 
longitudinal  vessels,  such  as  the  vertehrals,  internal  mam- 
mary,  and   epigastric   arteries,   exist.     The    formation   of  ^ 


4,  Aorla ;  I  , 
lernal  iliac;  G.  gliileal;  111.  inlemal 
iliac;  IF,  internal  pudic;  IV.  inferior 
vesical;  Sc.  sciatic;  U.  umbilical;  (/'. 
primary  proximal  portion  of  the  um- 
bilical ;  wd.  Wolffian  duct. 


I 


262 


DEVELOPMENT    OF    THE    ARTEBIAL   SYSTEM. 


these  secondary  longitudinal  trunks  is  the  result  of  a  devel- 
opment between  adjacent  vessels  of  anastomoses,  which 
become  larger  and  more  important  blood-channels  than  the 
original  vessels. 

At  an  early  stage  each  of  the  lateral  branches  of  the 
dorsal  aorta  gives  off  a  twig  which  passes  forward  to  anas- 
tomose with  a  backwardly  directed  twig  from  the  next 
anterior  lateral  branch,  so  as  to  form  a  longitudinal  chain 
of  anastomoses  along  each  side  of  the  neck.  In  the  earliest 
stage  at  present  known  the  chain  starts  from  the  lateral 
branch  corresponding  to  the  first  cervical  (suboccipital)  seg- 
ment and  extends  forward  into  the  skull  through  the  fora- 
men magnum,  terminating  by  anastomosing  with  the  internal 
carotid.  To  this  original  chain  other  links  are  added  from 
each  of  the  succeeding  cervical  lateral  branches  as  far  back 
as  the  seventh  (Figs.  146  and  144).  But  in  the  meantime 
the  recession  of  the  heart  toward  the  thorax  has  be^n,  with 
the  result  that  the  common  carotid  stems  are  elongated  and 
the  aortic  arches  are  apparently  shortened  so  that  the  sub- 
clavian arises  on  the  left  side  almost  opposite  the  point 
where  the  aorta  was  joined  by  the  sixth  branchial  vessel 
As  this  apparent  shortening  proceeds,  the  various  lateral 
branches  which  give  rise  to  the  chain  of  anastomoses,  with 
the  exception  of  the  seventh,  disappear  in  their  proximal 
portions  and  the  chain  becomes  an  independent  stem,  the 
vertebral  artery,  arising  from  the  seventh  lateral  branch, 
which  is  the  subclavian, 

The  recession  of  the  heart  is  continued  until  it  lies  below 
the  level  of  the  upper  intercostal  arteries,  and  the  upper 
two  iif  these,  together  with  the  last  cervical  branch  on  each 
side,  lose  their  connection  with  the  dorsal  aorta,  and,  send- 
ing off  anteriorly  and  posteriorly  anastomosing  twigs,  de- 
velop a  short  longitudinal  stem,  the  superior  intercostal, 
which  opens  into  the  subclavian, 
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The  intercostals  and  their  abdominal  representatives,  the 
lumbars  and  iliacs,  also  give  rise  to  longitudinal  anastomos- 
ing twigs  near  their  ventral  ends  (Fig.  147),  and  these 
increasing  in  si?e  give  rise  to  the  mtental  mammary  and 


/Sp.G. 


Frc.  146, — The  Devei.opment  of  the  VerterrVl  Artery  in  a  Rabbit 
Emahvo  of  Twelve  Davs. 

IIIA.B  lo  VIA.B,  Branchial  arch  vessels;  Ap.  pulmonary  artery. 
Ax.c.b  and  A.V.cv,  cephalic  and  cervical  porlions  of  ihe  vertebral 
artery;  A.s,  subclavian;  C.d  and  C.r  internal  and  exlernal  carotid; 
ISf.G,  spinal   ganglion,— (Ho irfl jiff («-.) 

inferior  epigastric  arteries,  which  togetlier  form  continuons 
stems  extending  from  Uie  subclavians  to  the  external  iliacs  i 
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in  ihe  vemral  alHloiiiinal  walls.  The  sufcrfit-ial  i-pigastrks 
ami  tulier  swunilnry  luiiijiiniliiial  \'esrel-i  ai*  formed  in  a 
similar  manner. 

The  Development  of  the  Arteries  of  the  Limbs. — 
Much  information  is  siitl  reiiuire^l  l<eiore  ihe  complete  his- 
tiifv  of  the  ilevcto|>meiit  \ii  the  aneries  of  ilie  limbs  can  be 
written,  antl  ai  uresent  one  must  rely  laiv^'ly  "P^^n  t'le  facts 


of  comparative  ana^tomy  and  on  the  anomalies  which  occur 
in  the  human  body  for  indications  of  what  the  early  devel- 
opment is  likely  to  l>e.  So  far  as  embryological  observa- 
tions go,  they  confirm  the  conclusions  deri\ed  from  such 
sources. 

Notwithstanding  the  fact  that  the  limbs  are  formed  by 
ontgrowths  from  se\'eral  segments,  there  is  as  yet  no  evi- 
dence to  show  that  a  corresixinding  numlwr  of  segmental 
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arteries  take  part  in  the  development  of  their  blood-supply, 

but  it  seems  that  in  both  limbs  the  entire  arterial  system 
is  formed  from  a  single  lateral  branch,  that  of  the  upper 
limb,  the  subclavian,  corresponding  to  the  seventh  cervical 
segment,  while  that  of  the  lower  limb,  the  common  iliac, 
is  probably  the  fifth  lumbar  branch.  In  the  simplest  arrange- 
ment the  subclavian  is  continued  as  a  single  trunk  along  the 
axis  of  the  anterior  limb  as  far  as  the  carpus,  where  it 
divides  into  digital  branches  for  the  fingers.  In  its  course 
through  the  forearm  it  lies  in  the  interval  between  the  radius 
and  ulna,  resting  on  the  interosseous  membrane,  and  in  this 
part  of  its  course  it  may  be  termed  the  aricria  tntcrussca. 
In  the  second  stage  a  new  artery  accompanying  the  median 
nerve  appears,  arising  from  the  main  stem  or  brachial 
artery  a  little  below  the  elbow-joint.  This  may  be  termed 
the  aricria  mcdiana,  and  as  it  develops  the  arteria  interossea 
gradually  diminishes  in  size,  becoming  finally  the  small 
volar  interosseous  artery  of  the  adult  (Fig.  14S),  and  the 
median,  uniting  with  its  lower  end,  takes  from  it  the  digital 
branches  and  becomes  the  principal  stem  of  the  forearm. 

A  third  stage  is  then  ushered  in  by  the  appearance  of  a 
branch  from  the  median  which  forms  the  arteria  ulnaris, 
and  this,  passing  down  the  ulnar  side  of  the  forearm,  unites 
at  the  wrist  with  the  median  to  form  a  superficial  palmar 
arch  from  which  the  digital  branches  arise.  A  fourth  stage 
is  marked  by  the  diminution  of  the  median  artery  until  it 
finally  appears  to  be  a  small  branch  of  the  interosseous,  and 
at  the  same  time  there  develops  from  the  brachial,  at  about 
the  middle  of  the  upper  arm,  what  is  known  as  the  arteria 
raiiialis  superficialis  (Fig.  148,  rs).  This  extends  down 
the  radial  side  of  the  forearm,  following  the  course  of  the 
radial  nerve,  and  at  the  wrist  passes  upon  the  dorsal  surface 
of  the  hand  to  form  the  dorsal  digital  arteries  of  the  thumb 
and  index  finger.     At  first  this  artery  takes  no  part  in  the 
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upper  portion  of  that  artery  degenerates  until  it  is  repre- 
sented only  by  a  branch  to  the  biceps  muscle  (Schwalbe), 
while  the  lower  portion  persists  as  the  adult  radial. 

The  various  anomalies  seen  in  the  arteries  of  the  forearm 
are,  as  a  rule,  due  to  the  more  or  less  complete  persistence  of 
one  or  other  of  the  stages  described  above,  what  is  described, 
for  instance,  as  the  high  branching  of  the  brachial  being  the 
persistence  of  the  superficial  radial. 

In  the  leg  there  is  a  noticeable  difference  in  the  arrange- 
ment of  the  arteries  from  what  occurs  in  the  arm,  in  that 
the  principal  artery  of  the  thigh,  the  femoral,  does  not 
accompany  the  principal  nerve,  the  sciatic.  This  difference 
is  apparently  secondary,  but,  as  in  the  case  of  the  upper 
limb,  it  is  necessary  to  rely  largely  on  the  facts  of  com- 
parative anatomy  and  on  anomalies  which  occur  in  the 
human  body  for  an  idea  of  the  probable  development  of  the 
arteries  of  the  lower  limb.  It  has  already  been  seen  that 
the  common  iliac  artery  is  to  be  regarded  as  a  lateral  branch 
of  the  dorsal  aorta,  and  in  the  simplest  condition  of  the  limb 
arteries  its  continuation,  the  anterior  division  of  the  hypo- 
gastric, passes  down  the  leg  as  a  well-developed  sciatic 
artery  as  far  as  the  ankle  (Fig.  149,  s).  At  the  knee  it 
occupies  the  position  of  the  popliteal  of  adult  anatomy,  and 
below  the  knee  gives  off  a  branch  corresponding  to  the  ante- 
rior tibial  (at)  which,  passing  forward  to  the  extensor  sur- 
face of  the  leg,  quickly  loses  itself  in  the  extensor  muscles. 
The  main  artery  continues  downward  on  the  interosseous 
membrane,  and  some  distance  above  the  ankle  divides  into 
a  strong  anterior  and  a  weaker  posterior  branch ;  the  former 
perforates  the  membrane  and  is  continued  down  the  exten- 
sor surface  of  the  leg  to  form  the  lower  part  of  the  anterior 
tibial  and  the  dorsalis  pedis  arteries,  while  the  latter,  pass- 
ing upon  the  plantar  surface  of  the  foot,  is  lost  in  the  plantar 
muscles.     At  this  stage  the  external  iliac  is  a  secondary 
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branch  of  tlie  common  iliac,  being  but  poorly  developed  and 
not  extending  as  far  as  the  knee. 

In  the  second  stage  the  external  iliac  artery  increases  in 
size  until  it  equals  the  sciatic,  and  it  now  penetrates  the 
adductor  magnus  muscle  and  unites  with  tlie  popliteal  por- 
tion of  the  sciatic.     Before  doing  this,  however,  it  gives  oft 


at.  Anil 

peroneal 


tibial;   dp,   dorsalis   pedis;   f,    femoral;   p,   popliteal;   fe, 
. ;   pi,    posterior  tibial;   s,   sciatic    (inferior   gluteal) ;   sa. 


a  strong  branch  (sa)  which  accompanies  the  long  saphenous 
nerve  down  the  inner  side  of  the  leg,  and,  passing  behind 
the  internal  malleolus,  extends  upon  the  plantar  surface  of 
the  foot,  where  it  gives  rise  to  the  digital  branches.  From 
this  arrangement  the  adult  conditinn  may  be  derived  by  the 
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continued  increase  in  size  of  the  external  iliac  and  its  con- 
tinuation, the  femoral  (/),  accompanied  by  a  reduction  of 
the  upper  portion  of  the  sciatic  and  its  separation  from  its 
popliteal  portion  (p)  to  form  the  inferior  gluteal  artery  of 
the  adult.  The  continuation  of  the  popliteal  down  the  leg 
is  the  peroneal  artery  (pc)  and  the  upper  perforating  branch 
of  this  unites  with  the  lower  one  to  form  a  continuous  ante- 
rior tibial,  the  lower  connection  of  which  with  the  peroneal 
persists  in  part  as  the  anterior  peroneal  artery.  A  new 
branch  arises  from  the  upper  part  of  the  peroneal  and  passes 
down  the  back  of  the  leg  to  unite  with  the  lower  part  of 
the  arleria  saphena,  forming  the  posterior  tibial  artery  (pt), 
and  the  upper  part  of  the  saphenous  becomes  much  reduced, 
persisting  as  the  superficial  branch  of  the  art.  genu  suprema 
and  a  rudimentary  chain  of  anastomoses  which  accompany 
the  long  saphenous  nerve. 

The  Development  of  the  Venous  System. — The  earli- 
est veins  to  <!evelop  are  those  which  accompany  the  first- 
formed  arteries,  the  omphalo-mesenterics  and  umbilicals, 
but  it  will  be  more  convenient  to  consider  first  the  veins 
which  carry  the  blood  from  the  body  of  the  embryo  back 
to  the  heart.  These  make  their  appearance,  while  tlie 
heart  is  still  in  the  pharyngeal  region,  as  two  pairs  of  longi- 
tudinal trunks,  the  anterior  and  posterior  cardinal  veins, 
into  which  lateral  branches,  arranged  more  or  less  seg- 
mentally,  open.  The  anterior  cardinals  appear  somewhat 
earlier  than  the  posterior  and  form  the  internal  jugular 
z-L'in.t  of  adult  anatomy.  Each  vein  extends  forward  from 
the  heart  at  the  side  of  the  notochord  and  is  continued  on 
the  under  surface  of  the  brain,  lying  medial  to  the  roots  of 
the  cranial  nerves.  Later  sprouts  arising  from  the  vein 
form  loops  around  the  nerve  roots  and  the  portion  of  the 
loops  formed  by  the  original  vein  then  disappear,  so  that 
the  vessel  now  lies  lateral  to  nerve  roots,  except  in  the  c 
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of  ihc  trigeminus,  wliere  the  original  vessel  persists  to  form 
tlie  aiz'crnous  sinus.  From  the  vena  capitis  lateralis  so 
formed  three  veins,  an  anterior,  a  middle  and  a  posterior 
cerebral,  pass  to  the  brain,  the  anterior  cerebral  together 
with  the  ophthalmic  vein  opening  into  tlie  anterior  end  of 
the  cavernous  sinus,  the  middle  cerebral  into  the  posterior 
extremity  of  Ihe  same  sinus  and  the  posterior  cerebral  into 


SHOWING    THE   .CEKEHkAL    VeIKS, 

r  cerebral  vein;  ju,  audilory  vesicle;  ci.  cavernous  sinus; 
Fa.  f»ci»I  nerve ;  mrv.  middle  cerebral  vein ;  ficv.  posterior  cere- 
bral vein;  tr,  Irigcminnl  nerve;  vcl.  lateral  cerebral  vein. —  (Mall.) 

the  vena  capitis  lateralis  behind  the  ear  vesicle  (Fig.  150). 
The  branches  of  the  anterior  cerebral  vein  extending  over 
the  cerebral  hemispheres  unite  with  their  fellows  of  the 
opposite  side  to  form  a  longitudinal  trunk,  the  superior 
sagittal  sinus,  lyhig  betwtjen  the  two  cerebral  hemisphere' 
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At  first  this  sinus  drains  by  way  of  the  anterior  cerebral 
vein  (Fig.  151,^),  but  as  the  cerebral  hemispheres  increase 
in  size  it  is  gradually  carried  backward  and  makes  connec- 
tions first  with  the  middle  cerebral  and  later  with  the  pos- 
terior cerebral  vein  (Fig.  1-51,  B  and  C),  each  of  these 
becoming  in  turn  the  principal  drainage  of  the  sinus.     The 


Fig.  151. — Diagrams  showing  the  Arrangement  of  the  Cerebral 
Veins  in  Embryos  of  (A)  the  Fifth  Week,  (B)  the  Begin- 
ing  of  the  Third  Month  and  in  (C)  an  Older  Fetus. 

acv,  anterior  cerebral  vein;  cs,  cavernous  sinus;  Us,  inferior  sagittal 
sinus ;  Inf,  Pet,  inferior  petrosal  sinus ;  Is,  transverse  sinus ;  ov, 
ophthalmic  vein;  sis,  superior  sagittal  sinus;  sl>s,  spheno-parietal 
sinus;  jr,  straight  sinus;  ss,  middle  cerebral  vem  (Sylvian);  sup, 
pet,  superior  petrosal  sinus;  th,  torcular  Herophili;  v,  trigeminal 
nerve;  vca,  anterior  cerebral  vein;  vcl,  lateral  cerebral  vein;  vcm, 
middle  cerebral  vein;  vcp,  posterior  cerebral  vein;  vg,  vein  of 
Galen;  vj,  internal  jugular. — (Mall,) 


connections  which  join  the  veins  to  the  sinus  become  the 
proximal  portion  of  the  transverse  sintss,  the  posterior  cere- 
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bral  vein  itself  becoming  the  distal  portion,  the  middle 
cerebral  vein  becomes  the  superior  petrosal  shuts,  while  the 
anterior  cerebral  vein  persists  as  the  middle  cerebral  vein 
of  adnlt  anatomy  (Fig.  151,  C).  Additional  spronts  from 
the  terminal  portion  of  the  superior  sagittal  sinus  give  rise 
to  the  straight  and  inferior  sagittal  sinuses,  and,  after  the 
disappearance  of  the  vena  capitis  lateralis,  a  new  stem  devel- 
ops between  the  cavernous  and  transverse  sinuses,  passing 
medial  to  the  ear  vesicle,  and  forms  the  inferior  petrosal 
sinus  (Fig.  151,  C).  This  joins  the  transverse  sinus  at 
the  jugular  foranoen  and  from  this  junction  onwards  the 
anterior  cardinal  vein  may  now  be  termed  the  internal  jugu- 
lar vein. 

Passing  backward  from  the  jugular  foramen  the  internal 
jugular  veins  unite  with  the  posterior  cardinals  to  form  on 
each  side  a  common  trunk,  the  ductus  Cuz'ieri,  and  then 
passing  transversely  toward  the  median  line  open  into  the 
sides  of  the  sinus  venosus.  So  long  as  the  heart  retains  its 
original  position  in  the  pharyngeal  region  the  jugular  is  a 
short  trunk  receiving  lateral  veins  only  from  the  upper- 
most segments  of  the  neck  and  from  the  occipital  segments, 
the  remaining  segmental  veins  opening  into  the  inferior 
cardinals.  As  the  heart  recedes,  however,  the  jugulars 
become  more  and  more  elongated  and  the  cervical  lateral 
veins  shift  their  communication  from  the  cardinals  to  the 
jugulars,  until,  when  the  subclavians  have  thus  shifted,  the 
jugulars  become  much  larger  than  the  cardinals.  When 
the  sinus  venosus  is  absorljed  into  the  wall  of  the  right 
auricle,  the  course  of  the  left  Cuvierian  iluct  becomes  a 
little  longer  than  that  of  the  right,  and  from  ihe  left  jugu- 
lar, at  the  point  where  it  is  joined  by  the  left  subclavian, 
a  branch  arises  which  extends  obliquely  across  to  join  the 
right  jugular,  forming  the  left  innominate  z'ciii.  When 
this  is  established,  the  connection  between  the  left  jugular 
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and  Cuvierian  duct  is  dissolved,  the  blood  from  the  left  side 
of  the  head  and  neck  and  from  the  left  subclavian  vein  pass- 
ing over  to  empty  into  the  right  jugular,  whose  lower  end, 
together  with  the  right  Cuvierian  duct,  thus  becomes  the 
superior  vena  cava.  Tlie  left  Cuvierian  duct  persists,  form- 
ing with  the  left  liorn  of  flie  sinus  venosus  the  coronary 
sinus. 


vein ;  a,  coronary  s 
i,  internal  jugular; 
!,  subclavian;  vci  an( 


;  ej,  exleriwl  jugular;  It,  hepatic 
ind  I'nf,  right  and  left  i 
:,  inferior  and  superior  v 


The  external  jugular  vein  develops  somewhat  later  than 
the  internal.  The  facial  vein,  which  primarily  forms  the 
principal  affluent  of  this  stem,  passes  at  first  into  the  skull 
along  with  the  fifth  nerve  and  communicates  with  the  in- 
ternal jugular  system,  but  later  this  original  communica- 
tion is  broken  and  the  facial  vein,  uniting  with  other  super- 
ficial veins,  passes  over  the  jaw  and  extends  down  the  neck 
as  the  external  jugular.  Later  still  the  facial  anastomoses 
with  the  ophthalmic  at  the  inner  angle  of  the  eye  and  also 
makes  connections  with  the  internal  jugular  just  after  it 
has  crossed  the  jaw,  and  so  the  adult  condition  is  acquired. 
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It  ii.  iiitvK'«tint;  to  iiotc  that  in  many  of  the  lower  mammals 
the  i;\tt:nial  jugular  becomes  of  much  greater  importance  than 
ihv  uttvnutl,  tlw  latter  in  some  forms,  indeed,  eventnally  disap- 
IXMiiitK  aiiid  the  bltxx]  from  the  interior  of  the  skull  emptying 
l>.v  iiKwis  of  tuisslotrioses  which  have  developed  into  the  exter- 
im1  >tn;ular  system.  In  man  the  primitive  condition  is  re- 
(■UikOa  but  indications  of  a  transference  of  the  intracranial 
b^Hxl  U»  the  external  jugular  are  seen  in  the  emissary  veins. 

riw  jtosterior  cardinal  veins,  or,  as  they  may  more  simply 
Ih?  (»r«»tl.  the  cardinals,  extend  backward  from  their  union 
with  this  jit£;iilars  along  the  sides  of  the  vertebral  column, 
ttv'^iviiiR  veins  from  the  mesentery  and  also  from  the  vari- 
mis  lateral  segmental  veins  of  the  neck  and  trunk  regions, 
with  (lie  exception  of  that  of  the  first  cervical  segment 
which  i'i)cns  into  the  jugular.  Later,  however,  as  already 
iltsiTilteil  (p.  273),  the  cervical  veins  shift  to  the  jugulars, 
UM  tlo  also  the  first  and  second  thoracic  (intercostal)  veins, 
IhU  the  remaining  intercostals.  together  with  the  lumbars 
niitl  siicrals,  continue  to  open  into  the  cardinals.  In  addi- 
tiiiii,  the  cardinals  receive  in  early  stages  the  veins  from  the 
primitive  kidneys  (mcsonephros),  which  are  exceptionally 
Itirfjc  in  the  lumian  embryo,  but  when  they  are  replaced 
later  nn  liy  the  permanent  kidneys  (metanephros)  their 
nlTcrcnl  veins  undergo  a  reduction  in  numljer  and  size,  and 
this,  together  with  the  shifting  of  the  upper  lateral  veins, 
produces  a  marked  diminution  in  the  size  of  the  cardinals. 
'I'hc  changes  by  which  they  acquire  their  final  arrangement 
arc.  however,  so  intimately  associated  with  the  development 
iif  the  inferior  vena  cava  that  their  description  may  be  con- 
veniently postponed  until  the  history  of  the  omphalo-niesen- 
teric  and  umbilical  veins  has  been  presented. 

The  ompiuilii-mescnlfric  veins  are  two  in  munber,  a  right 
and  a  left,  and  pass  in  along  the  yolk-stalk  until  they  reach 
the  embryonic  intestine,  along  the  sides  of  which  they  pass 
forward  to  unite  with  the  corresponding  umbilical  veins. 
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These  are  represented  in  the  belly-stalk  by  a  single  venous 
trunk  which,  when  it  reaches  the  body  of  the  embryo, 
divides  into  two  stems  which  pass  forward,  one  on  each 
side  of  the  umbilicus,  and  thence  on  each  side  of  the  median 
line  of  the  ventral  abdominal  wall,  to  form  with  the  corre- 
sponding omphalo-mesenteric  veins  common  trunks  which 
open  into  the  ductus  Cuvieri.  As  the  liver  develops  it 
comes  into  intimate  relation  with  the  omphalo-mesenteric 
veins,  which  receive  numerous  branches  from  its  substance 
and,  indeed,  seem  to  break  up  into  a  network  (Fig.  153,  A) 


Fio.    153. — Diagrams    Illusthatinc    the    Transformations    of   the 

OmPHALO MESENTERIC    AND   UMBILICAL    VeINS. 

D.C,  Ductus  Cuvieri;  D.V.A,  ductus  venosus;  V.o.m.d  and  V.o.m.s. 
right  and  left  omphalo-mesenteric  veins;  V.u.d  and  V.u.s,  right 
\nd  left  umbilical  yfins.—iHocksteitcr.) 


traversing  the  liver  substance  and  uniting  again  to  form 
two  stems  which  represent  the  original  continuations  of  the 
omphalo-mesenterics.  From  the  point  where  the  common 
trunk  formed  by  the  right  omphalo-mesenteric  and  umbili- 
cal veins  opens  into  the  Cuvierian  duct  a  new  vein  develops, 
passing  downward  and  to  the  left  to  unite  with  the  left 
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omphalo-mesenteric ;  this  is  the  ductus  vctwsus  (Fig.  153, 
B.  DVA).  In  the  meantime  three  cross-connections  have 
developed  between  the  two  omphalo-mesenteric  veins,  two 
of  which  pass  ventral  and  the  other  dorsal  to  the  intestine, 
so  that  the  latter  is  surrounded  by  two  venous  loops  (Fig. 
154,  A),  and  a  connection  is  developed  between  each  um- 
bilical vein  and  the  corresponding  omphalo-mesenteric  (Fig. 
153,  B),  that  of  the  left  side  being  the  larger  and  uniting 
with  the  nmiihaki-niesenteric  just  where  it  is  joined  by  the 


I'lC  :S4-— -'f,  Tbe  Venous  Trunks  of  an  Hmbhvo  of  5  mm.  seen  fiou 
THE  Ventsal  SirnFAcE,-  B.  DtAGRAu   Illustratinu  the  Tbans- 

rOMHATKlN    TO   THE   AllULT    CONIIITION. 

Vcd  and   Vcs.   right   and  Icfl   superior  vcnjc  cavsc;   Vj.  jugular  vein; 
('.cm,   omphalo-mcBciUcric   vein;    Vp.   vena   porta;    Vu,    umbilical 
(lower  part)  ;  Vh.  umbilical  vein  (upper  part)  ;  Vud  and  Vvs, 
;   and   left   umbilical   veins    {lower   parts).— (HiV,) 


ductus  veiiosus  so  as  to  seem  to  be  the  continuation  of  this 
vessel  (Fig.  153,  C).  When  these  connections  are  com- 
plete, the  upper  portions  of  the  umbilical  veins  degenerate 
(Fig,  154),  and  now  the  right  side  of  the  lower  of  the  two 
omj^alo-mesenteric  loops  which  surround  the  intestine  dis- 
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appears,  as  does  also  that  portion  of  the  left  side  of  the 
upper  loop  which  intervenes  between  the  middle  cross-con- 
nection and  the  dilctus  venosiis,  and  so  there  is  formed  from 
the  omphalo-mesenteric  veins  the  t>cna  porta. 

While  these  changes  have  been  progressing  the  right 
umbilical  vein,  originally  the  larger  of  the  two  (Fig.  153, 
A  and  B,  I'.u.d),  has  become  very  much  reduced  In  size 
and,  losing  its  connection  with  the  left  vein  at  the  umbilicus, 
forms  a  vein  of  the  ventral  alxlominal  wall  in  which  the 
blood  now  flows  from  above  downward.  The  left  umbili- 
cal now  forms  the  only  route  for  the  return  of  blood  from 
the  placenta,  and  appears  to  be  the  direct  continuation  of 
the  ductus  venosus  (Fig.  154,  C).  into  which  open  the 
lu'patic  vcitis,  returning  the  blood  distributed  by  the  portal 
vein  to  the  substance  of  the  liver. 

Returning  now  to  the  posterior  cardinal  veins,  it  has 
been  found  that  in  the  rabbit  the  branches  which  come  to 
them  from  the  mesentery  anastomose  longitudinally  to  form 
a  vessel  lying  parallel  and  slightly  ventral  to  each  cardinal. 
These  may  be  termed  the  subcurdintil  veins  (Lewis),  and 
in  their  earliest  condition  they  open  at  either  end  into  the 
corresponding  cardinal,  with  which  they  are  also  united  by 
numerous  cross-branches.  Later,  in  rabbits  of  8.8  mm., 
these  cross-branches  begin  to  disappear  and  give  place  to 
a  large  cross-branch  situated  immediately  below  the  origin 
of  the  superior  mesenteric  artery,  and  at  the  same  point  a 
cross-branch  between  the  two  suhcardinals  also  develops. 
The  portion  of  the  right  subcardinal  which  is  anterior  to 
the  cross-connection  now  rapidly  enlarges  and  unites  with 
the  ductus  venosus  about  where  the  hepatic  veins  open  into 
that  vessel  (Fig.  155,  A),  and  the  portion  of  each  posterior 
cardinal  immediately  alx)ve  the  entrance  of  the  renal  veins 
degenerates,  so  that  all  the  blood  received  by  the  posterior 
portions  of  the  cardinals  is  returned  to  the  heart  by  way  o^ 
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the  right  subcardinal,  its  cross-connections,  and  the  upper 
part  of  the  ductus  venosus. 

When  this  is  accomphshed  the  lower  portions  of  the  sub- 
cardinals  disappear,  while  the  portions  above  the  large  cross- 
connection  persist,  greatly  diminished  in  size,  as  the  supra- 
renal veins  (Fig.  155,  B). 

In  the  early  stages  the  veins  which  drain  the  posterior 
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abdominal  walls  empty  into  the  posterior  cardinals,  and 
later  they  form,  in  the  region  of  the  kidney  on  each  side,  a 
longitudinal  anastomosis  which  opens  at  either  extremity 
into  the  posterior  cardinal.     The  ureter  thus  liccomes  sur- 
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rounded  by  a  venous  ring,  the  dorsal  limb  of  which  is 
formed  by  the  new  longitudinal  anastomosis,  which  has 
been  termed  the  supracardinal  vein  (McClure  and  Hunt- 
ington), while  the  ventral  limb  is  formed  by  a  portion  of 
the  posterior  cardinal  (Fig.  155,  B).  Still  later  the  ven- 
tral limb  of  the  loop  disappears  and  the  dorsal  supracardinal 
limb  replaces  a  portion  of  the  more  primitive  posterior  car- 
dinal. An  anastomosis  now  develops  between  the  right 
and  left  cardinals  at  the  point  where  the  iliac  veins  open  into 
them  (Fig.  155,  B),  and  the  portion  of  the  left  cardinal 
which  intervenes  between  this  anastomosis  and  the  entrance 
of  the  internal  spermatic  vein  disappears,  the  remainder  of 
it,  as  far  forward  as  the  renal  vein,  persisting  as  the  upper 
part  of  the  left  internal  spermatic  vein,  which  thus  comes 
to  open  into  the  renal  vein  instead  of  into  the  vena  cava 
as  does  the  corresponding  vein  of  the  right  side  of  the  body 
(Fig.  155,  C,  s).  The  renal  veins  originally  open  into  the 
cardinals  at  the  point  where  these  are  joined  by  the  large 
cross-connection,  and  when  the  lower  part  of  the  left  car- 
dinal disappears,  this  cross-connection  forms  the  proximal 
part  of  the  left  renal  vein,  which  consequently  receives  the 
left  suprarenal  (Fig.  155,  C). 

The  observations  upon  which  the  above  description  is 
based  have  been  made  upon  the  rabbit,  but  it  seems  prob- 
able from  the  partial  observations  that  have  been  made  that 
similar  changes  occur  also  in  the  human  embryo.  It  will 
be  noted  from  what  has  been  said  that  the  inferior  vena 
cava  is  a  composite  vessel,  consisting  of  at  least  four  ele- 
ments: (i)  the  proximal  part  of  the  ductus  venosus;  (2) 
the  anterior  part  of  the  right  subcardinal;  (3)  the  right 
supracardinal;  and  (4)  the  posterior  part  of  the  right 
cardinal. 

Recent  observations  by  McClure  and  Huntington  on  the 
development  of  the  veins  of  the  cat  show,  however,  that 
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in  this  form  the  process  is  somewhat  different  from  what 
obtains  in  the  rabbit.  The  differences  depend  principally 
upon  the  greater  development  of  the  supracardinal  veins, 
these  vessels  extending  far  anterior  to  the  subcardinal  cross* 
cfinneclioii.  and  forming-  the  dorsal  limb  of  a  very  wide 
ureteric  venous  ring  (Fig.  156.  A).  During  development 
the  two  supnicaniinal  limie  of  the  ureteric  ring  approach 
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each  other,  and  finjilly  unite  in  the  median  line,  whereupon 
l)oth  right  and  left  post-renal  portions  of  the  cardinals  dis- 
appear and  the  post-renal  portion  of  the  vena  cava  is  formed 
by  the  fused  supracardinals  (Fig.  156.  B  and  C). 

The  complicated  (levck>[niifnt  of  the  inferior  vena  cava  nat- 
urally gives  rise  to  numerous  anomalies  of  the  vein  due  to 
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inhibitions  of  its  development.  These  anomalies  affect  espe- 
cially the  post-renal  portion,  a  persistence  of  both  cardinals 
(interpreting  the  conditions  in  the  terms  of  what  occurs  in  the 
rabbit)  giving  rise  to  a  double  post-renal  cava,  or  a  persistence 
of  tile  left  cardinal  and  the  disappearance  of  the  right  to  a 
vena  cava  situated  on  tlte  left  side  of  the  vertebral  cohimn  and 
crossing  to  the  right  by  way  of  the  left  renal  vein.  So,  too, 
the  occurrence  of  accessory  renal  veins  passing  dorsal  to  the 
ureter  is  explicable  in  the  supposition  that  they  represent  por- 
tions of  the  supracardinal  system  of  veins. 

It  has  already  been  noted  that  the  portions  of  the  pos- 
terior cardinals  immediately  anterior  to  the  entrance  of  the 
renal  veins  disappear.  The  upper  part  of  the  right  vein 
persists,  however,  and  becomes  the  veiia  azygos  of  the  adult, 
while  the  upper  portion  of  the  left  vein  sends  a  cross-branch 
over  to  unite  with  tlie  azygos  and  then  separates  from  the 
coronary  sinus  to  form  t!ie  vena  hemiazygos.  At  least  tliis 
is  what  is  described  as  occurring  in  the  rabbit.  In  the  cat, 
however,  only  the  very  uppermost  portion  of  the  right  pos- 
terior cardinal  persists  and  the  greater  portion  of  the  azygos 
and  perhaps  the  entire  hemiazygos  vein  is  formed  from  the 
prerenal  portions  of  the  supracardinal  veins,  the  right  one 
joining  on  to  the  small  persisting  upper  portion  of  the  right 
posterior  cardinal,  while  the  cross-connection  between  the 
hemiazygos  and  azygos  represents  one  of  the  originally 
numerous  cross-connections  between  the  supracardinal  s. 

The  ascending  lumbar  veins,  frequently  described  as  the 
commencements  of  the  azygos  veins,  are  in  reality  secondary 
formations  developed  by  the  anastomoses  of  anteriorly  and 
posteriorly  directed  branches  of  the  lumbar  veins. 

The  Development  of  the  Veins  of  the  Limbs. — The  devel- 
opment of  the  limb  veins  of  the  human  embryo  requires 
further  investigation,  but  from  a  comparison  of  what  is 
known  with  what  has  been  observed  in  rabbit  embryos  it 
may  be  presumed  that  the  changes  which  take  place  are 
somewhat  as  follows:  In  the  anterior  extremity  the  blooil 
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brought  to  the  hmb  is  collected  by  a  vein  which  passes  dis-' 
tally  along  the  radial  border  of  the  limb  bud,  around  its  I 
distal  border,  and  proxinially  along  its  ulnar  border  to  open 
into  the  anterior  cardinal  vein ;  this  is  the  primary  ulnar 
vein.  Later  a  second  vein  grows  out  from  the  external 
juguiar  along  the  radial  border  of  the  limb,  representing  the 
cephalic  vein  of  the  adult,  and  on  its  appearance  the  digital 
veins,  which  were  formed  from  the  primary  ulnar  vein, 
become  connected  with  it,  and  the  distal  portion  of  the  pri- 
mary ulnar  vein  disappears.  Its  proximal  portion  persists, 
however,  to  form  the  basilic  vein,  from  which  the  brachial 
vein  and  its  continuation,  the  ulnar  vein,  are  developed, 
while  the  radial  vein  develops  as  an  outgrowth  from  the 
cephalic,  which  at  an  early  stage  secures  an  opening  into 
the  axillary  vein,  its  original  communication  with  the  exter- 
nal jugular  forming  the  jugulo-cephalic  vein. 

In  the  lower  limb  a  primary  fibular  vein,  exactly  compar- 
able to  the  primary  ulnar  of  the  arm,  surrounds  the  distal 
torder  of  the  limb-bnd  and  passes  up  its  fibular  border  to 
open  with  the  posterior  cardinal  vein.  The  further  devel- 
opment in  the  lower  limb  differs  considerably,  however, 
from  that  of  the  upper  limb.  From  the  primary  fibular  vein 
an  anterior  tibial  Z'ciii  grows  out,  which  receives  the  digital 
branches  from  the  toes,  and  from  the  posterior  cardinal, 
anterior  to  the  point  where  the  primary  fibular  opens  into  it, 
a  vein  grows  down  the  tibial  side  of  the  leg,  forming  the 
lovg  saphenous  i-ein.  From  this  the  femoral  vein  is  formed 
and  from  it  the  posterior  tibial  vein  is  continued  down  the 
leg.  An  anastomosis  is  formed  between  the  femoral  and 
the  primary  fibular  veins  at  the  level  of  the  knee  and  the 
proximal  portion  nf  the  latter  vein  then  becomes  greatly 
reduced,  while  its  distal  portion  possibly  persists  as  the  small 
saphenous  vein  (Hochstetter), 

The  Pulmonary   Veins. — The  development  of  the  pul- 
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US  the  starting-point,  the  blood  passes  along  the  umbilical 
vein  to  enter  the  body  of  the  fetus  at  the  umbiUais,  whence 
it  passes  forward  in  the  free  edge  of  the  anterior  mesentery 
(see  p.  J4t)  until  it  reaches  the  liver.  Here,  owing  to  the 
anastomoses  between  the  umbilical  and  omphalo-mesenteric 
veins,  a  portion  of  the  blood  traverses  the  substance  of  the 
liver  to  open  by  the  hepatic  veins  into  the  inferior  vena 
cava,  while  the  remainder  passes  on  through  the  ductus 
venosus  to  the  cava,  the  united  streams  opening  into  the 
right  atrium.  This  blood,  whose  purity  is  only  slightly 
reduced  by  mixture  with  the  blood  returning  from  the  infe- 
rior vena  cava,  is  prevented  from  passing  into  the  right  ven- 
tricle by  the  Eustachian  valve,  which  directs  it  to  the  fora- 
men ovale,  and  through  this  it  passes  into  the  left  atrium, 
thence  to  the  left  ventricle,  and  so  out  by  the  systemic  aorta. 

The  blood  which  has  been  sent  to  the  head,  neck,  and 
tipper  extremities  is  returned  by  the  superior  vena  cava  also 
into  the  right  atrium,  but  this  descending  stream  opens  into 
the  atrium  to  the  right  of  the  annulus  of  Vieussens  (see 
Fig.  135)  and  passes  directly  to  the  right  ventricle  without 
mingling  to  any  great  extent  with  the  blood  returning  by 
way  of  the  inferior  cava.  From  the  right  ventricle  this 
blood  passes  out  by  the  pulmonary  artery;  but  the  lungs  at 
this  period  are  collapsed  and  in  no  condition  to  receive  any 
great  amount  of  blood,  and  so  the  stream  passes  by  way 
of  the  ductus  arteriosus  into  the  systemic  aorta,  meeting 
there  the  placental  blood  just  below  the  point  where  the  left 
subclavian  artery  is  given  off.  From  this  point  onward  the 
aorta  contains  only  mixed  blood,  and  this  is  distributed  to 
the  walls  of  the  thorax  and  abdomen  and  to  the  lungs  and 
abdominal'  viscera,  the  greater  part  of  it,  however,  passing 
oflF  in  the  hypogastric  arteries  and  so  out  again  to  the 
placenta. 

It  will  be  perceived  that  although  no  portion  of  the  body 
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receives  absolutely  pure  placental  blood,  yet  the  quality  of 
that  which  is  supplied  to  the  liver,  heart,  head,  neck,  and 
upper  limbs  is  much  better  than  that  distributed  by  the 
branches  arising  from  the  aorta  below  the  union  of  the 
ductus  arteriosus.  Hence  it  is  that  the  anterior  portions  of 
the  fetus  are  much  better  developed  than  the  posterior. 

At  birth  the  lungs  at  once  assume  their  functions,  and 
on  the  cutting  of  the  umbilical  cord  all  communication  with 
the  placenta  ceases.  Shortly  after  birth  the  foramen  ovale 
closes  more  or  less  perfectly,  and  the  ductus  arteriosus  di- 
minishes in  size  as  the  pulmonary  arteries  increase,  and 
becomes  eventually  converted  into  a  fibrous  cord.  The 
hypogastric  arteries  diminish  greatly,  and  after  they  have 
passed  the-  bladder  are  also  reduced  to  fibrous  cords,  a  fate 
likewise  shared  by  the  umbilical  vein,  which  becomes  con- 
verted into  the  round  ligament  of  the  liver. 

The  Development  of  the  Lymphatic  System. — It  has 
already  been  seen  (p.  237)  that  the  lymphocytes  first  make 
their  appearance  in  the  tissues  surrounding  the  early  blood- 
vessels, but  opinions  differ  as  to  their  exact  origin.  Accord- 
ing to  some  observers,  they  are  formed  by  modification  of 
mesenchyme  cells,  while  others  believe  that  they  have  evi- 
dence that  the  lymphocytes  of  the  intestinal  and  tonsillar 
lymph-nodes  are  derived  from  the  intestinal  and  tonsillar 
epithelium,  and  quite  recently  it  has  been  maintained  that 
the  epithelial  cells  which  form  the  thymus  body  in  fishes  are 
directly  transformed  into  lymphocytes.  Which  view  will 
prove  correct  must  be  left  for  future  observations  to  decide. 

The  observations  upon  the  origin  of  the  lymphatic  vessels 
are  at  present  somewhat  discordant.  According  to  the 
observations  of  Sabin,  the  vessels  are  first  distinguishable 
in  pig  embryos  of  14.5  cm.  as  two  small  sacs  or  lymph 
hearts,  which  arise,  one  on  each  side,  as  outgrowths  from 
near  the  junction  of  the  subclavian  and  jugular  veins, 
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opening  of  the  sac  into  the  veins  being  guarded  by  a  valve 
due  to  tlie  obhque  direction  taken  by  the  outgrowth.  From 
each  lympii  heart  branches,  wliich  anastomose  and  radiate 
in  all  directions,  grow  outward  toward  the  skin,  which  they 
reach  in  embryos  of  about  l8  mm,,  and  in  later  stages  con- 
tinue to  extend  in  a  radiating  manner  until  they  form  a  sub- 
cutaneous network  over  the  anterior  half  of  the  body.  In 
the  meantime  the  lymph  hearts  have  separated  from  their 
points  of  origin  (Fig.  158,  A,  ALH),  with  which,  however, 
they  remain  connected  by  a  duct,  and  from  this  a  branch 
grows  backward,  following  the  line  of  the  vagus  nerve  (Fig. 
158,  A,  TD).  The  branch  on  the  left  side  soon  meets  with 
the  aorta  and,  using  this  as  a  guide,  grows  more  rapidly 
than  its  fellow  on  Uie  right  and  becomes  the  thoracic  duct, 
or,  rather,  since  it  divides  just  before  it  reaches  the  aorta 
and  sends  a  branch  backward  on  either  side  of  that  vessel, 
it  givea  rise  to  ttvo  thoracic  ducts  (Fig.  158,  B). 

In  embryos  of  20  mm.  a  second  pair  of  lymph  hearts  de- 
velops at  the  junction  of  the  sciatic  veins  with  the  cardinals 
(Fig.  158,  A,  PLH),  and  from  these  branches  grow  toward 
the  surface  and  radiate  subcutaneously,  similarly  to  those 
from  the  anterior  hearts,  with  which  they  eventually  unite. 
The  thoracic  ducts,  continuing  to  elongate  backward,  dilate 
opposite  the  kidneys  to  form  two  rcceptacula  chyli  (Fig. 
158,  B,  KC)  and  still  more  posteriorly  unite  with  the  pos- 
terior lymph  hearts,  which  then  separate  completely  from 
the  veins  from  which  they  originated. 

In  later  stages  branches,  arising  as  outgrowths  from  the 
thoracic  ducts,  gradually  invade  the  mesentery  and  the 
various  organs,  following  in  general  the  course  of  the 
arteries,  as  do  also  the  branches  which  pass  to  the  limbs  to 
form  their  deep  lymphatics;  the  superficial  branches,  on  the 
contrary,  follow  essentially  the  course  of  the  veins.  The 
lymph  hearts  as  development  proceeds  become  transformed 
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into  lymph  nodes,  and  at  various  points  in  the  s)^tem  minute 
plexuses  arise.  Up  to  this  stage  no  valves  are  present  in 
the  vessels,  and  the  development  of  these  has  yet  to  be 
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Vessels  in  Pic  Embryos  of  (A)  20  mm.  and  (S)  40  mm. 
ACV,  Jugular  vein;  ADR,  suprarenal  body;  ALU,  anterior  lymph 
heart;  Ao,  aorta;  Arm  D,  deep  lymphatics  to  (he  arm;  D,  dia- 
phragm; Dtt,  branches  to  duodenum;  FV,  femoral  vein;  H, 
branches  lo  heart;  K.  kidney;  LegD,  deep  lymphatics  to  leg;  Lu, 
branches  to  lunR;  MP,  branches  lo  mesenteric  plexus;  CE,  branch 
to  <ESOphagus;  PCV,  cardinal  vein;  PLH,  posterior  lymph  heart; 
RC,  receptaculum  chyli;  RLD,  right  lymphatic  dttct;  ScV,  sub- 
clavian vein;  SV,  sciatic  vein;  St,  branches  lo  stomach;  TD, 
thoracic  duct;  WB,  Wolffian  body.— (5afrm.) 
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studied,  as  lias  also  the  final  transformation  of  the  condition 
described  into  that  found  in  the  adult. 

Lewis,  from  his  observations  on  rabbit  embryos,  concludes 
that  the  lymphatics  arise  as  outgrowths  from  the  veins,  but 
the  outgrowths  occur  not  only  at  the  points  indicated  by 
Sabin,  but  also  at  other  points,  as,  for  instance,  near  the  root 
of  the  external  mammary  vein  and  in  the  vicinity  of  the 
azygos,  gastric  and  superior  mesenteric  veins.  The  conti- 
nuity of  these  detached  vessels  with  the  veins  was  not 
actually  observed,  but  it  is  believed  that  they  were  out- 
growths which  had  separated  from  their  veins,  and  that 
they  eventually  unite  with  the  jugular  and  femoral  out- 
growths to  form  a  continuous  lymphatic  system. 

A  third  view,  that  of  Sala  and,  more  recently,  of  Hunt- 
ington and  McCture,  denies  the  primary  connection  of  the 
lymphatics  with  the  veins,  and  maintains  that  they  are 
fonned  by  the  fusion  of  mesencliymal  spaces  and  only  sec- 
ondarily make  connections  with  the  veins.  Huntington  and 
McClure  find  the  first  traces  of  the  system  in  cat  embryos  in 
a  series  of  disconnected  spaces  in  the  tissue  immediately  sur- 
rounding the  jugular  veins,  and  believe  that  these  unite  to 
form  the  anterior  lymph  hearts  which  subsequently  become 
connected  with  the  junction  of  the  sulKlavian  and  jugular 
veins.  Similar  spaces  occur  in  the  tissue  surrounding  other 
veins,  and  the  various  spaces  eventually  unite  together  to 
form  the  lymphatic  system,  and  may  make  connections  with 
veins  other  than  the  subclavian,  as,  for  instance,  the  azygos. 
It  is  worthy  of  note  that  the  spaces  develop  most  rapidly 
where  they  are  in  association  with  regressive  veins,  and 
since  it  is  in  general  the  veins  of  the  left  side  of  the  body 
which  undergo  the  greatest  amount  of  regression,  an  expla- 
nation is  afforded  of  the  situation  of  the  thoracic  duct  on 
that  side. 

Further  observations  are  necessary  to  clear  up  the  dts- 
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crq)ancies  in  these  different  views  and  to  determine  the 
essential  point  whether  the  lymphatic  vessels  arise  as  out- 
growths from  the  veins  or  by  the  fusi(jn  of  niesenchyniatous 
spaces. 

Lymph  nodes  have  not  been  observed  in  human  embryos 
until  toward  the  end  of  the  third  month  of  development,  but 
they  appear  in  pig  embryos  of  3  an.  Their  unit  of  struc- 
ture is  a  blood-vessel,  breaking  up 
at  its  termination  into  a  leash  of 
capillaries,  around  which  a  con- 
densation of  lymphocytes  occurs 
in  the  mesenchyme.  A  structure 
of  this  kind  forms  what  is  termed 
a  lymphoid  follicle  and  may  exist. 
even  in  this  simple  condition,  in  the 
adult.  More  frequently,  however,  , 
there  are  associated  with  the  follicle 
lymphatic  vessels,  or  rather  the 
follicle  develops  in  a  network  of 
lymphatic  vessels,  which  become 
an  investment  of  the  follicle  and 
form  with  it  a  simple  lymph  node,  j 
This  condition  is,  however,  in 
many  cases  but  transitory, 
artery  branching  and  collections  of 
lymphoid  tissue  forming  around 
each  of  the  branches,  so  that  a  series  of  follicles  are  formed, 
which,  together  with  the  surrounding  lymphatic  vessels,  be- 
come enclosed  by  a  connective-tissue  capsule  to  form  a  com- 
pomul  lymph  node.  Later  traljeculae  of  connective  tissue 
extend  from  the  capsule  toward  the  center  of  the  node, 
between  the  follicles,  the  lymphatic  network  gives  rise  to 
peripheral  and  central  lymph  sinuses,  and  the  follicles,  each 
with  its  arterial  branch,  constitute  the  peripheral  nodules 


h'lt;.      159. — DlAGKAM      OF      \ 

Primary  Lymph  Node  of 
AN  Embryo  Pip  of  8  cm. 
a,  artery;  aid,  afferent  lymph 
duel ;  eld.  efferent  lymph 
duel;  A  follicle— (5a6i»i,) 
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and  the  medullary  cords,  the  portions  of  these  immediately  | 
surrounding  the  leash  of  capillaries  into  which  the  artery  [ 
dissolves  constituting  the  so-called  germ  centers  in  which  | 
multiplication  of  tiie  lymphocytes  occurs. 

In  various  portions  of  the  body,  but  especially  along  the  j 
root  of  the  mesentery,  what  are  termed  hamolymph  nodes  I 


Fig.    t6o. — Developing   H^molvmpk   Nooe. 


occur.  In  these  the  lymph  sinus  is  replaced  by  a  blood 
sinus,  but  with  this  exception  their  structure  resembles  that 
of  an  ordinary  lymph  node,  a  simple  one  consisting  of  a 
follicle,  composed  of  adenoid  tissue  with  a  central  blood 
vessel,  and  a  peripheral  blood  sinus  (Fig.  160). 
The    Development    of    the    Spleen.— Recent    studies 
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(Mall)  have  shown  that  the  spleen  may  well  be  regarded 
as  possessing  a  structure  comparable  to  that  of  the  lymph 
nodes,  the  pulp  being  more  or  less  distinctly  divided  by 
trabecule  into  areas  termed  pulp  cords,  the  axis  of  each 
of  which  is  occupied  by  a  twig  of  the  splenic  artery.  The 
spleen,  therefore,  seems  to  fall  into  the  same  category  of 
organs  as  the  lymph  and  haeniolymph  nodes,  differing  from 
these  chiefly  in  the  absence  of  sinuses.  It  has  generally 
been  regarded  as  a  development  of  the  mesenchyme  situated 
between  the  two  layers  of  the  mesogastrium.  To  this  view, 
however,  recent  observers  have  taken  exception,  liolding 
that  the  ultimate  origin  of  the  organ  is  in  part  or  entirely 
from  the  ccelomic  epithelium  of  tlie  left  layer  of  the  meso- 
gastrium. The  first  indication  of  the  spleen  has  been  ob- 
served in  embryos  of  the  fifth  week  as  a  slight  elevation  on 
the  left  (dorsal)  surface  of  the  mesogastrium,  due  to  a  local 
thickening  and  vascularization  of  the  mesenchyme,  accom- 
panied by  a  thickening  of  the  ccelomic  epithelium  which 
covers  the  elevation.  The  mesenchyme  thickening  presents 
no  differences  from  the  neighboring  mesenchyme,  but  the 
epithelium  is  not  distinctly  separated  from  it  over  its  entire 
surface,  as  it  is  elsewhere  in  the  mesentery.  In  later  stages, 
which  have  been  observed  in  detail  in  pig  and  other  amniote 
embryos,  cells  separate  from  the  deeper  layers  of  the  epi- 
thelium (Fig.  161)  and  pass  into  the  mesenchyme  thicken- 
ing, whose  tissue  soon  assumes  a  different  appearance  from 
the  surrounding  mesenchyme  by  its  cells  being  much 
crowded.  This  migration  soon  ceases,  however,  and  in 
embryos  of  forty-two  days  the  ccelomic  epithelium  covering 
the  thickening  is  reduced  to  a  simple  layer  of  cells. 

The  later  stages  of  development  consist  of  an  enlarge- 
ment of  the  thickening  and  its  gradual  constriction  from 
the  surface  of  the  mesogastrium,  until  it  is  finally  united 
to  it  only  by  a  narrow  band  through  which  the  large  splenic 
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vessels  gain  access  to  tlie  organ.  The  cells  differentiate 
themselves  into  trabecule  and  pulp  cords,  special  collections 
of  lymphoid  cells  around  the  branches  of  the  splenic  artery 
fonning  the  Malpighian  corpuscles. 

It  has  already  been  |x»inted  out  (p.  238)  that  during  embry- 
onic lifi;  the  spleen  is  an  important  hsematopoietic  organ,  both 
red  and  white  corpuscles  undergoing  active  formation  within 
its  substance.  The  Malpighian  corpuscles  are  collections  of 
lymphocytes  in  which  multiplication  takes  place,  and  while 
nothing  is  as  yet  known  as  to  the  fate  of  the  cells  which  are 
contributed  to  the  spleen  from  the  ccelomic  epithelium,  since 
they  quickly  come  to  resemble  the  mesenchyme  cells  with  which 
they  are  associated,  yet  the  growing  number  of  observations 


^-J^ 


Fic.  161.— Section  tiikouiih  hie  Left  Layer  of  the 
OF  A  Chick  Embryo  of  Ninety-thhee  Houks, 
Origin  of  the  Spleen. 

ep,  Ccelomic  epithelium;  ms,  mesenchyme. — (ToHkoff.) 

indicating  an  epithelial  origin  for  lymphocytes  suggests  the 
possibility  that  the  cells  in  question  may  be  responsible  for  the 
first  leukocytes  of  the  spleen. 

The  Coccygeal  or  I.uschka's  Ganglion. — In  embryos  of 
about  15  cm.  there  is  to  be  found  on  the  ventral  surface  of 
the  apex  of  the  coccyx  a  small  oval  group  of  polygonal  cells, 
clearly  separated  from  the  surrounding  tissue  by  a  mesen- 
chymal capsule.  I^ter,  connective-tissue  trabecul.-e  make 
their  way  into  the  mass,  which  thus  becomes  divided  into 
lobules,  and,  at  the  same  time,  a  rich  vascular  supply,  de- 
rived principally  from  branches  of  the  middle  sacral  artery, 
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penetrates  the  body,  which  thus  assumes  the  acUilt  condition 
in  which  it  presents  a  general  resemblance  to  a  group  of 
lymph  follicles. 

It  has  generally  been  supposed  that  the  coccygeal  gan- 
glion was  in  part  derived  from  the  sympathetic  nervous 
system  and  belonged  to  the  same  group  of  organs  as  the 
suprarenal  bodies.  The  most  recent  work  on  its  develop- 
ment (Stoerk)  tends,  however,  to  disprove  this  view,  and 
the  ganglion  seems  accordingly  to  find  its  place  among  the 

lymphoid  organs. 
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CHAPTER  X. 


THE    DEVELOPMENT    OF    THE   DIGESTIVE 
TRACT  AND   GLANDS. 

Tlie  greatest  portion  of  the  digestive  tract  is  formed  by 
tlie  constriction  off  of  the  dorsal  portion  of  the  yolk-sac, 
as  shown  in  Fig.  39,  the  result  being  the  formation  of  a 
cylinder,  closed  at  either  end,  and  composed  of  a  layer  of 
splanchnic  mesoderm  lined  on  its  inner  surface  by  endo- 
derm.  This  cylinder  is  termed  the  archcntcron  and  has 
connected  with  it  the  yolk-stalk  and  the  allantois,  the  latter 
communicating  with  its  somewhat  dilated  terminal  portion, 
which  also  receives  the  dncts  of  the  primitive  kidneys  and 
is  known  as  the  cloaca  (Fig.  163). 

At  a  very  early  stage  of  development  the  anterior  end 
of  the  embryo  begins  to  project  slightly  in  front  of  the 
yolk-sac,  so  that  a  shallow  depression  is  formed  between 
the  two  structures.  As  the  constriction  of  the  embryo  from 
the  sac  proceeds,  the  anterior  portion  of  the  brain  becomes 
bent  ventraliy  and  ihe  heart  makes  its  appearance  immedi- 
ately in  front  of  the  anterior  surface  of  the  yolk-sac,  and 
so  tlie  depression  mentioned  above  l)econies  deepened  { Fig. 
162)  to  form  the  oral  sinus.  The  floor  of  this,  lined  by 
ectoderm,  is  immediately  opposite  the  anterior  end  of  the 
archenteron,  and,  since  mesodenn  does  not  develop  in  this 
region,  the  ectwlerm  of  the  sinus  and  the  endodenn  of  the 
archenteron  are  <lirectly  in  contact,  forming  a  thin  pharyn- 
geal tiit'hibraue  seiiarating  the  two  cavities  (Fig.  162,  pm). 
In  embryos  of  2.15  mm.  this  membrane  is  still  existent,  but 
s<x)n  after  it  l^ecomes  perforated  and  finally  disa|)|>ears,  so 
that  the  archenteron  and  oral  sinus  become  continuous. 
29$ 
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Tmvanl  its  posterior  end  ttie  arclieiiteron  comes  into 
somewhat  similar  relations  with  the  ectoderm,  though  a 
marked  difference  is  noticeable  in  that  the  area  over  which 
the  clnacal  endoderm  is  in  contact  with  the  ectoderm  to  form 
the  cloacal  membrane  (Fig^.  163,  cm)  hes  a  httle  in  front 
uf  the  actual  end  of  the  archenteric  cyhnder,  the  portion  of 
the  latter  which  lies  posterior  to  tlie  membrane  forming 
what  has  been  termed 
the  post-anal  gul  {p.an). 
This  diminishes  in  size 
during  development  and 
early  disappears  alto- 
gether, and  the  pouch-like 
fold  seen  in  Fig.  163  be- 
tween the  intestinal  por- 
tion of  the  archenteron 
and  the  allantoic  stalk 
(al)  deepening  until  its 
floor  comes  into  contact 
with  the  cloacal  mem- 
brane, the  cloaca  becomes 
divided  into  a  ventral  por- 
tion, with  which  the  allan- 
tois  and  ihe  primitive  ex- 
cretory ducts  (w)  are 
connected,  and  a  tlorsal  portion  which  becomes  the  lower 
end  of  the  rectum.  This  latter  abuts  ui^n  the  dorsal  por- 
tion of  tJie  cloacal  membrane,  and  this  eventually  ruptures, 
so  that  the  posterior  communication  of  the  archenteron  with 
the  exterior  becomes  established.  This  rupture,  however, 
does  not  occur  until  a  comparatively  late  peritjil  of  develoiJ- 
ment,  until  after  tlie  embryo  has  reached  the  fetal  stage; 
nor  does  the  position  of  the  membrane  corresjxind  witli  the 
adult  anus,  since  later  there  is  a  considerable  developmeatj 
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ab.  Aoriic  tiilli;  h.  heart;  o.  auditory 
capMile;  of.  optic  cvaginalioii ;  pm, 
pharyngeal   tnembrane. — {His.) 
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of  mesoderm  around  the  month  of  the  cloaca,  bulging  out, 
as  it  were,  the  surrounding  ectoderm,  more  especially  an- 
teriorly where  it  forms  the  large  genital  tubercle  (see 
Chapter  XIII),  and  posteriorly  when  it  produces  the  anal 
tubercle.  This  appears  as  a  rounded  elevation  on  each  side 
of  the  median  line,  immediately  behind  the  cloacal  mem- 
brane and  separated  from  the  root  of  the  caudal  projec- 
tion by  a  depression,  the  precaudal  recess.     I^ter  the  two 


FlO.   163.— Reconstmuctios  of  the  Hcnd  End  oi"  an   Emdhvo  6.5  UH 

at,  Allantois;  b,  bel ly- stalk ;  cl.  cloaca;  cm,  cloacal  membrane;  t,  intes 
tine;  «,  spinal  cord;  mr.  nolochord;  p.oH,  posl-anal  gut;  ur,  out 
growth  to  form  ureter  and  melancphros ;  to,  Wolffian  duct.- 
(Kfibel.) 


elevations  unite  across  the  median  line  to  form  a  transverse 
ridge,  the  ends  of  which  curve  forward  and  eventually  meet 
in  front  of  the  original  anal  orifice.  From  the  mesoderm 
of  the  circular  elevation  thus  produced  the  external  sphincter 
ani  muscle  is  formed,  and  it  would  seem  that  so  much  of  the 
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lower  end  of  the  rectum  as  corresponds  to  this  muscle  is 
formed  by  the  inner  surface  of  the  elevation  and  is  there- 
fore ectodermal.  The  definitive  anus  being  at  the  end  of 
this  terminal  portion  of  the  gut  is  therefore  some  distance 
away  from  the  position  of  the  original  cloacal  membrane. 

It  will  be  noticed  that  the  digestive  tract  thus  formed 
consists  of  three  distinct  portions,  an  anterior,  short,  ecto- 
dermal portion,  an  endodermal  portion  representing  the 
original  archenteron,  and  a  posterior  short  portion  which 
is  also  ectodermal.  The  differentiation  of  the  tract  into 
its  various  regions  and  the  formation  of  the  various  organs 
found  in  relation  with  these  may  now  be  considered. 

The  Development  of  the  Mouth  Region. — The  deep- 
ening of  the  oral  sinus  by  the  development  of  the  first  bran- 
chial arch  and  its  separation  into  the  oral  and  nasal  cavities 
by  the  development  of  the  palate  have  already  been  described 
(p.  88),  but,  for  the  sake  of  continuity  in  description,  the 
latter  process  may  be  briefly  recalled.  At  first  the  nasal 
pits  communicate  with  the  oral  sinus  by  grooves  lying  one 
on  each  side  of  the  fron to-nasal  process,  but  by  the  union 
of  the  latter  with  the  maxillary  process  this  communication 
is  interrupted  and  the  pits  make  new  connections  with  the 
oral  sinus  behind  the  maxillary  process.  At  about  the  fifth 
week  a  downgrowth  of  epithelium  into  the  substance  of 
both  the  maxillary  and  f ronto-nasal  processes  above  and  the 
mandibular  process  below,  takes  place  and  the  surface  of 
the  downgprowth  becomes  marked  by  a  deepening  groove 
(Fig.  164),  which  separates  an  anterior  fold,  the  lipj  from 
the  jaw  proper  (Fig.  165).  From  the  maxillo-palatine 
portions  of  the  upper  jaw,  shelf-like  ridges  then  begin  to 
grow  at  first  downwards  and  then  medially,  and  at  about 
the  b^inning  of  the  third  month  these  meet  in  the  median 
line  to  form  the  palate,  and  unite  anteriorly  with  the  pre- 


JOO 


DEVELOPMENT   OF   THE    MOUTH    REGION. 


luaxilla',  tlms  completing  the  separation  of  the  definitive 
nitnith  from  the  nasal  cavity.  At  the  point  of  meeting  of 
the  shelves  with  the  premaxill^  a  small  communication  be- 
tween the  two  cavities  [jersists  for  a  time,  frequently  until 
after  hirth  ;  it  allows  passage  of  the  anterior  palatine  vessels 
and  nerves,  and  places  the  organ  of  Jacobson  (p.  459)  in 
communication  with  the  month.  Later theopeningbecomes 
ctostd  over  by  mucous  membrane,  but  it  may  be  recognized 


in  the  dried  skull  as  the  foramen  incisivum  (anterior  pala- 
tine canal). 

When  the  ridgi's  which  become  the  palatal  plates  are  first 
fornu'd  llicy  hiive  an  almost  vertical  direction,  projecting  down- 
ward and  somewhat  inward  between  the  sides  of  the  tongue 
and  dii'  alvi'ular  jinicesses.  The  tongue  at  this  stage  almost 
cniii|i!fii-ly  tills  ilif  oral  cavity,  its  dorsum  being  in  contact 
with  till'  liasf  of  ihf  skull.  Later,  the  lower  jaw,  which  at  first 
is  considerably  shorter  than  the  upper  one,  increases  in  length 
and  at  the  same  lime  also  in  breadth,  and  also  assumes  a  more 
horizontal  position.  The  tongue  then  sinks  down  between  the 
Meckelian  cartilages  and  the  palatal  ridges  bend  dorsally  so 
a.s  to  iK'couie  horizontal,  and  their  further  growth  leads  to 
their  union  in  Ihe  median  line  to  fonn  the  roof  of  the  mouth. 

Occasionally  there  is  a  fadurc  of  Ihe  union  of  the  palatal 
plates,  Ihe  condition  known  as  cleft  palate  resulting.     The  in- 
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hibition  of  deveIopcr«it  which  bring:?  abrut  this  c»:»n*iition  may 
take  place  at  different  sca^^es.  but  fi^uently  i:  .:<:cjrs  while 
the  plates  still  have  an  aln:*>?:  vertical  «i:rec:i«:'n.  A  seo?nJ 
variety  of  cleft  palates  may  result  from  failure  of  the  palatal 
plates  to  unite  with  the  prem-axillar>-  p»>n:r»ns  oi  the  jaw,  a 
condition  which  is  associate*!  with  hare-I:p  *  see  j^asre  89^. 
although  this  abnormaliry  m.ay  exist  w::b:»ut  an  inv»:»lveinent 
of  the  palate. 

Before  the  fr^rmation  of  the  jKilate  Vwrsrins.  a  pi.aich  is 
formed  in  the  median  line  of  the  r- --f  •  •!  the  •  'rai  sinus,  just 
in  front  of  the  pharyngeal  membrane,  by  an  -aitgn'Wth  of 
the  epithelium.  This  p-juch.  kn*»wn  as  Rathkc's  ("ouch, 
comes  in  contact  ab«:»ve  with  a  'l-iwno^nnvth  fp-m  the  x\*\>r 
of  the  brain  and  forms  with  it  the  pituitary  Ixxly  1  see  p.  424^. 

The  Dcixlopmcut  *»/  the  Teeth. — When  the  epithelial 
downgrowth  wliich  gives  ri>e  t"  the  lip  grv»ove  is  fi^nneil, 
a  horizontal  outgrrjwth  develops  f n>m  it  which  extends  back- 
ward into  the  substance  of  the  jaw.  forming  what  is  termed 
the  dental  shelf  (Fig.  165,  A  ).  This  at. first  is  situated  on 
the  anterior  surface  of  the  jaw.  but  with  theo  •niinued  devel- 
opment of  the  lip  fold  it  is  gradually  shitted  until  it  ci^nies 
to  lie  upon  the  free  surface  {  Fig.  165,  B),  where  its  sui)er- 
ficial  edge  is  marked  by  a  distinct  groove,  the  dental  groove 
(Fig.  164).  At  first  the  dental  shelf  of  each  jaw  is  a  con- 
tinuous plate  of  cells,  uniform  in  thickness  throughout  its 
entire  width,  but  later  ten  thickenings  develop  upon  its  deep 
edge,  and  beneath  each  of  these  the  mesoderm  condenses  to 
form  a  dental  papilla,  over  the  surface  of  which  the  thick- 
ening moulds  itself  to  form  a  cap,  termed  the  enamel  ori:^an 
(Fig.  165,  B).  These  ten  papillic  in  each  jaw,  with  their 
enamel  caps,  represent  the  teeth  of  the  first  dentition. 

The  papillae  do  not,  however,  project  into  the  very  edge 
of  the  dental  shelf,  but  obliquely  into  what,  in  the  lower 
jaw,  was  originally  its  under  surface  (iMg.  1^)5,  H).  so  that 
the  edge  of  the  shelf  is  free  to  grow  still  deeper  into  the 
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surface  of  the  jaw.  This  it  does,  and  upon  the  extension 
se  formed  there  is  developed  in  each  jaw  a  second  set  of 
thickenings,  beneatli  each  of  which  a  dental  papilla  again 
appears.  These  tooth-germs  represent  the  incisors,  canines, 
and  premolars  of  the  permanent  dentition.  The  lateral 
edges  of  the  dental  shelf  being  continued  outward  toward 
the  articulations  of  the  jaws  as  prolongations  which  are  not 


N  Embryos  of  (<4)  17  mm 


Fig.  165. — Transverse  >i 

THE  Formation  of  thy.  Iikn- 
AND  (B)  40  uM.—{Koie.) 


connected  with  the  surface  epithelium,  opportunity  is 
afforded  for  the  development  of  three  additional  thicken- 
ings on  each  side  in  each  jaw,  and,  papilla  developing 
beneath  these,  twelve  additional  tooth-germs  are  formed. 
These  represent  the  permanent  molars;  their  formation  is 
much  later  than  that  of  the  other  teeth,  the  germ  of  the 
second  molar  not  appearing  until  ;ilic>iit  ihe  sixlh  week  after 
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birth,  while  that  of  the  third  is  delayed  until  about  the  fifth 
year. 

As  the  tooth-germs  increase  in  size,  they  approach  nearer 
and  nearer  to  the  surface  of  the  jaw,  and  at  the  same  time 
the  enamel  organs  separate  from  the  dental  shelf  until  their 
connection  with  it  is  a  mere  neck  of  epithelial  cells.  In  the 
meantime  the  dental  shelf  itself  has  l)een  undergoing  degen- 
eration and  is  reduced  to  a  reticulum  which  eventually  com- 
pletely disappears,  though  fragments  of  it  may  occasionally 
persist  and  give  rise  to  various  malformations.  With  the 
disappearance  of  the  last  remains  of  the  shelf,  the  various 
tooth-germs  naturally  lose  all  connection  with  one  another. 

It  will  be  seen,  from  what  has  been  said,  that  each  tooth- 
germ  consists  of  two  portions,  one  of  which,  the  enamel 
organ,  is  derived  from  the  ectoderm,  while  the  other,  the 
dental  papilla,  is  mesenchymatous.  Each  of  these  gives 
rise  to  a  definite  portion  of  tlie  fully  formed  tooth,  the 
enamel  organ,  as  its  name  indicates,  producing  the  enamel, 
while  from  the  dental  papilla  the  dentine  and  pulp  are  formed. 

The  cells  of  the  enamel  organ  which  are  in  contact  with 
the  surface  of  the  papilla,  at  an  early  stage  assume  a  cylin- 
drical form  and  become  arranged  in  a  definite  layer,  the 
eftamel  membrane  (Fig.  i66,  SEi),  while  the  remaining 
cells  (SEa)  apparently  degenerate  eventually,  though  they 
persist  for  a  time  to  form  w^hat  has  been  termed  the  enamel 
pulp.  The  formation  of  the  enamel  seems  to  be  due  to  the 
direct  transformation  of  the  enamel  cells,  the  process  begin- 
ning at  the  basal  portion  of  each  cell,  and  as  a  result,  the 
enamel  consists  of  a  series  of  prisms,  each  of  which  repre- 
sents one  of  the  cells  of  the  enamel  membrane.  The  trans- 
formation proceeds  until  the  cells  have  become  completely 
converted  into  enamel  prisms,  except  at  their  very  tips, 
which  form  a  thin  membrane,  the  enamel  cuticle^  which  is 
shed  soon  after  the  eruption  of  the  teeth. 


Fk.  166. — SiicnoN    intovcu    ihe    First    Mclai    Toorn    OF  A    Rat, 

T»Ei.vm  D*Ys  Oujl 
Af,    Petiosieam:    B.    itnitine:    Ef.   rpidermb;    CM.    odontobbns;    S'. 

manwl :  SEa  and  SEi.  ouler  unj  iniKr  Uinrs  of  the  naind  o«Kan ; 

SE.  ponioa  of  ihc  natnd  organ  which  docs  not  produce 
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definite  layer    (Fig,    166,  orf>.  and  are  temted 
blasts,  having  the  fnnction  of  tnanu iactiiring  the 
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This  they  accomplish  in  the  same  manner  as  that  in  which 
the  periosteal  osteoblasts  produce  bone,  depositing  the  den- 
tine between  their  surfaces  and  the  adjacent  surface  of  the 
enamel.  The  outer  surface  of  each  odontoblast  is  drawn 
out  into  a  number  of  exceedingly  fine  processes  which  ex- 
tend into  the  dentine  to  occupy  the  minute  dentinal  tubules, 
just  as  processes  of  the  osteoblasts  occupy  the  canaliculi  of 
bone. 

At  an  early  stage  the  enamel  membrane  forms  an  almost 
complete  investment  for  the  dental  papilla  ( I'ig.  i66),  but, 
as  the  ossification  of  the  tooth  proceeds,  it  recedes  from  the 
lower  part,  until  finally  it  is  confined  entirely  to  the  crown. 
The  dentine  forming  the  roots  of  the  t(»oth  then  becomes 
enclosed  in  a  layer  of  cement,  w-hich  is  true  bone  and  serves 
to  unite  the  tooth  firmly  to  the  walls  of  its  socket.  As  the 
tooth  increases  in  size,  its  extremity  is  brought  nearer  to 
the  surface  of  the  gum  and  eventually  breaks  through,  the 
eruption  of  the  first  teeth  usually  taking  place  during  the 
last  half  of  the  first  year  after  birth.  The  growth  of  the 
permanent  teeth  proceeds  slowly  at  first,  but  later  it  becomes 
more  rapid  and  produces  pressure  upon  the  roots  of  the 
primary  teeth.  These  roots  then  undergo  partial  absorp- 
tion, and  the  teeth  are  thus  loosened  in  their  sockets  and  are 
readily  pushed  out  by  the  furdier  growth  of  the  permanent 
teeth. 

The  dates  and  order  of  the  eruption  of  the  teeth  arc  subject 
to  considerable  variation,  but  the  usual  sequence  is  s(iniewhat 

as  follows: 

Primary  Dentition. 

Median  incisors,  6th  to  8th  month. 

Lateral  incisors,  7th  to  9th  month. 

First  molars,   Beginning  of  2(1  year. 

Canines i  i  years. 

Second  molars, 3  to  3i  years. 
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The  teeth  of  the  lower  jaw  generally  precede  those  of  the  I 
upper. 

Feruanent  Dentition. 

First  molars,  7th  year. 

Middle  incisors, 8th  year. 

Laieral  incisors,  , , , gih  year. 

First  premolars,  loih  year. 

Second  premolars iilh  year. 

':""•'"■      ,  \    l3.hto,4,l,,«„.] 

second  molars,    \  ■ 

Third  molars,  17th  to  40lh  yesrs, 

III  a  considerable  percentage  of  individuals  the  third  molars 
(wisdom  teeth)  never  break  through  the  gums,  and  frequently  I 
when  they  do  so  they  fail  to  reach  the  level  of  the  other  teeth,  1 
and  so  are  only  partly  functional.  These  and  other  peculiari-  J 
ties  of  a  structural  nature  shown  by  these  teeth  indicate  that  1 
they  are  undergoing  a  retrogressive  evolution. 

The  Development  of  the  Tongue. — Strictly  speakings,  J 
the  tongue  is  largely  a  development  of  the  pharyngeal  re- 1 
gion  of  the  digestive  tract  and  only  secondarily  grows  for-  , 
ward  into  the  floor  of  the  inouth.     In  embryos  of  about  3  I 
mm.  there  may  be  seen  in  the  median  Vine  of  the  floor  of  I 
the  mouth,  between  the  ventral  ends  of  the  first  and  second 
branchial  arches,  a  small  rounded  elevation  which  has  been  J 
termed  the  tubercuhmt  impar  (Fig.  171,  /).     In  later  s 
(Fig.  167,  A)  this  becomes  larger  and  reaches  its  greatest  1 
development  in  embryos  of  about  8  mm.,  after  which   : 
becomes    less   prominent   and    finally   unrecognizable ;    but 
before  this  there  has  appeared  on  each  side  of  the  floor  of 
the  mouth  a  longitudinal  groove,  each  of  which  at  its  ante- 
rior end  bends  medially  toward  its  fellow.    By  these  alveola- 
lingual  grooz'es  an  area  is  marked  out  in  the  floor  of  the 
mouth  which  gradually  becomes  more  and  more  prominent 
and  rounded  upon  its  oral  surface,  and  forms  the  anterior  I 
portion  of  the  tongue  (Fig.  167,  B,  /'),     This  median  ele- 
vation is  bounded  at  the  sides  and  almost  to  tlie  median  line] 
in  front  by  the  alveolo-lingual  grooves,  and  posteriorly  it  ii 
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separated  from  the  anterior  edge  of  the  second  branchial 
arch  by  a  distinct  V-shaped  groove,  at  the  apex  of  which  is 
a  deep  circular  depression,  the  foramen  cacmn  {see  p.  313). 
The  posterior  portion  of  the  tongue  arises  as  thickenings 
of  the  ventral  ends  of  the  second  branchial^ arches,  and  is 
consequently  a  V-shaped  structure,  into  the  angle  of  which 
the  posterior  part  of  the  anterior  portion  of  the  tungue 
fits  (Fig.  168).     The  two  portions,  anterior  and  posterior, 


Phahvsx  of  Emhiivos  of  (A)  7  and  (B)  10 
THE  Development  of  the  ToNotE, 
;  S/i,  precervical  sinus ;  t"  and  l",  median  and  lateral 
of  liie  longue;  /  lo  /C,  branchial  arches. — (His.) 

eventually  fuse  together,  but  the  groove  which  originally 
separated  them  remains  more  or  less  clearly  distinguishable, 
the  vallate  papilla;  (see  p.  460)  developing  immediately  an- 
terior to  it- 

The  tongue  is  essentially  a  muscular  organ,  being  formed 
of  a  central  mass  of  muscular  tissue,  enclosed  at  the  sides  and 
dorsally  by  mucous  membrane  derived  from  the  floor  of  the 
mouth  and  pharynx.  The  muscular  tissue  consists  partly  of 
fibers  limited  to  the  substance  of  the  tongue  and  forming  the 
m.  lingualis,  and  also  of  a  number  of  extrinsic  muscles,  the 
'^oglossi,  gcniogltfssl,  styloglossi,  glossopaiatini,  and  cfwndro-  . 
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glossi.  The  last  two  musdes  are  innervated  by  the  vagus 
nerve,  and  the  remaining  extrinsic  musdes  receive  fibers  from 
the  hypoglossal,  while  the  lingualis  is  supplied  partly  by  the 
hypoglossal  and  partly,  apparently,  by  the  facia!  through  the 
chorda  tympani.  That  the  facial  should  take  part  in  the  sup- 
ply is  what  might  be  expected 
from  the  mode  of  develop- 
ment of  the  tongue,  but  the 
hypoglossal  has  been  seen  to 
correspond  to  certain  pri- 
marily postcranial  metameres 
(P-  '79)-  3nd  its  relation  to 
structures  taking  part  in  the 
formation  of  an  organ  belong- 
ing to  the  anterior  part  of  the 
pharynx  seems  somewhat 
anomalous.  It  may  be  sup- 
posed that  in  the  evolution  of 
the  tongue  the  extrinsic  mus- 
cles, together  with  a  certain 
amount  of  the  lingualis,  havf 
grown  into  the  tongue  thick- 
enings from  regions  situated 
much  further  back,  for  the  most  part  from  behind  the  last 
branchial  arch. 

Such  an  invasion  of  the  tongue  by  muscles  from  posterior 
segments  would  explain  the  distribution  of  its  sensory  nerves. 
The  anterior  portion,  from  its  position,  would  naturally  be  sup- 
plied by  branches  from  tlic  fifth  and  seventh  nerves,  while  the 
posterior  portion  might  be  expected  to  be  supplied  by  the 
seventh.  There  seems,  however,  to  have  been  a  dislocation 
forward,  if  it  may  be  so  expressed,  of  the  mucous  membrane, 
the  sensory  distribution  of  the  ninth  nerve  extending  forward 
upon  the  posterior  part  of  the  anterior  portion  of  the  tongue, 
while  a  considerable  amotmt  of  the  posterior  portion  is  supplied 
by  the  tenth  nerve.  The  distribution  of  the  sensory  fibers  of 
the  facial  is  probably  confined  entirely  to  the  anterior  portion, 
though  further  information  is  needed  to  determine  the  exact 
distribution  of  both  the  motor  and  sensory  fibers  of  this  nerve 
in  the  tongue. 

The  Development  of  the  Salivary  Glands. — In  em- 
bryos nf  about  S  mm.  a  slight  furrow  may  be  observed  in 
the  floor  of  the  groove  wliicli  connects  the  lip  grooves  of 
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the  upper  and  lower  jaws  at  the  angle  of  tlie  mouth  and 
may  be  known  as  the  cheek  groove.  In  later  stages  this 
furrow  deepens  and  eventually  becomes  closed  in  to  form  a 
hollow  tubular  structure,  which  in  embryos  of  17  mm.  has 


Fig.  169.— Diagram  of  the  Disthibution  of  the  Sensory  Nerves  of 

THE    TOSGUE, 

The  area  supplied  by  ihe  fifth  (and  sevenlh)  nerve  is  indicated  by 
the  transverse  lines;  lliat  of  ihe  ninth  by  the  oblique  lines;  and  that 
of  the  tenth  by  ihe  small  circles.— (zfonrfcr.) 


separated  from  the  epithelium  of  the  floor  of  the  cheek 
groove  except  at  its  anterior  end  and  has  become  embedded 
in  the  connective  tissue  of  the  cheek.     This  tul)e  is  readily 
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recognizable  as  the  parotid  gland  and  Stenson's  duct,  Sfl 
from  the  latter  as  it  passes  across  the  masseter  muscle  a 
pouch-like  outgrowth  is  early  formed  which  probably  rep- 
resents the  SQcia  parotidis. 

The  submaxillary  gland  and  Wharton's  duct  appear  in 
embryos  of  about  13  mm.  as  a  longitudinal  ridge-like  thick- 
ening of  the  epithelium  of  the  lloor  of  the  alveola-lingual 
groove  (see  p.  306),  This  ridge  gradually  separates  from 
behind  forward  from  the  floor  of  the  groove  and  sinks  into 
the  subjacent  connective  tissue,  retaining,  however,  its  con- 
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nection  with  the  epitheliuTn  at  its  anterior  end,  which  indi- 
cates the  position  of  the  opening  of  the  duct.  In  the  vicinity 
of  this  there  appear  in  embryos  of  24.4  mm.  five  small  bud- 
like downgrowths  of  the  epithelium,  which  later  increase 
considerably  in  number  as  well  as  in  size,  and  constitute 
a  group  of  glands  which  are  generally  spoken  of  as  the 
sublingual  gland. 

As  these  representatives  of  the  various  glands  increase 
in  length,  they  liecome  lobed  at  their  deeper  ends,  and  the 
lobes  later  give  rise  to  secondary  outgrowths  which  branch 
repeatedly,  the  terminal  branches  becoming  tlie  alveoli  of 
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the  glands.  A  lumen  early  appears  in  the  duct  portions  of 
the  structures,  the  alveoli  remaining  solid  for  a  longer  time, 
although  they  eventually  also  become  hollow. 

It  is  to  be  noted  that  each  parotid  and  submaxillary  consists 
of  a  single  primary  outgrowth,  and  is  therefore  a  single  struc- 
ture and  not  a  union  of  a  number  of  originally  separate  parts. 
The  sublingual  glands  of  adult  anatomy  are  usually  described 
as  opening  upon  the  floor  of  the  mouth  by  a  number  of  separate 
ducts.  This  arises  from  the  fact  that  the  majority  of  the 
glands  which  fcfrm  in  the  vicinity  of  the  opening  of  Wharton's 
duct  remain  quite  small,  only  one  of  them  on  each  side  giving 
rise  to  the  sublingual  gland  proper.  The  small  glands  have 
been  termed  the  alveolo-lingual  glands,  and  each  one  of  them 
is  equivalent  to  a  parotid  or  submaxillary  gland.  In  other 
words,  there  are  in  reality  not  three  pairs  of  salivary  glands, 
but  from  fourteen  to  sixteen  pairs,  there  being  usually  from 
eleven  to  thirteen  alveolo-lingual  glands  on  each  side. 

The  Development  of  the  Pharynx. — The  phaynx  rep- 
resents the  most  anterior  part  of  the  archenteron,  that  por- 
tion in  which  the  branchial  arches  develop,  and  in  the  embryo 
it  is  relatively  much  longer  than  in  the  adult,  the  diminu- 
tion being  brought  about  by  the  folding  in  of  the  posterior 
arches  and  the  formation  of  the  sinus  praeccrvicalis  already 
described  (p.  86).  Between  the  various  branchial  arches, 
grooves  occur,  representing  the  endodermal  portions  of  the 
grooves  which  separate  the  arches.  During  development 
the  first  of  these  becomes  converted  into  the  tympanic  cavity 
of  the  ear  and  the  Eustachian  tube  (see  Chapter  XV) ;  the 
second  disappears  in  its  upper  part,  the  lower  persisting  as 
the  fossa  in  which  the  tonsil  is  situated;  while  the  lower 
parts  of  the  remaining  two  are  represented  by  the  sinus 
piriformis  of  the  larynx  (His),  and  also  leave  traces  of 
their  existence  in  detached  portions  of  their  epithelium 
which  form  what  are  termed  the  branchial  epithelial  bodies, 
and  take  part  in  the  formation  of  the  thyreoid  and  thymus 
glands. 
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In  the  floor  of  the  pharynx  behind  the  thickenings  which 
produce  the  tongue  there  is  to  be  found  in  early  stages 
a  pair  of  thickenings  passing  horizontally  backward  and 
uniting  in  front  so  that  they  resemble  an  inverted  U  (Fig. 
171,  /).  These  ridges,  which  fonn  what  is  termed  the 
furcula  (His),  are  concerned  in  the  formation  of  parts  of 
the  larj-nx  (see  p.  356).  In  the  part  of  the  roof  of  the 
pharynx  which  comes  to  lie  be- 
tween the  openinge  of  the  Eusta- 
chian tubes,  a  collection  of  lym- 
])hatic  tissue  takes  place  beneath 
the  mucous  membrane,  forming 
the  pharyngeal  tonsil,  and  im- 
mediately behind  this  there  is 
formed  in  the  median  line  an  up- 
wardly projecting  pouch,  the  pha- 
ryngeal bursa,  first  certainly  no- 
ticeable in  embryos  6.5  mm.  in 
length. 

This  bursa  lias  very  generally 
been  regarded  as  the  persistent 
remains  of  Rathke's  pouch  (p.  301),  especially  since  it  is  much 
more  pronounced  in  fetal  than  in  adult  life.  It  has  been 
shown,  however,  that  it  is  formed  quite  independently  of  and 
posterior  to  the  true  Ratlike's  pouch  (Killian),  though  what 
its  significance  may  be  is  still  uncertain. 

The  tonsils  are  formed  from  the  epithelium  of  the  lower 
part  of  the  second  branchial  groove.  At  alxjut  the  fourth 
month  solid  buds  begin  to  grow  from  the  epithelium  into 
the  subjacent  mesenchyme,  and  depressions  appear  on  the 
surface  of  this  region.  Later  the  buds  become  hollow  by 
a  cornification  of  their  central  cells,  anil  open  upon  the 
floor  of  the  depressions  which  represent  the  crypts  of  the 
tonsil.  In  the  meantime  lymphocytes,  concerning  whose 
origin  there  is  a  difference  of  opinion,  collect  in  the  sub- 
jacent mesenchyTne  and  eventually  aggregate  to  form  lym- 
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phatic  follicles  in  close  relation  with  the  buds.  Whether 
the  lymphocytes  wander  out  from  the  blood  into  the  mesen- 
chyme or  are  derived  directly  from  the  epithelium  or  the 
mesenchyme  cells  is  the  question  at  issue. 

The  tonsil  may  grow  to  a  size  sufficient  to  fill  up  com- 
pletely the  groove  in  which  it  forms,  but  not  infrequently 
a  marked  depression,  the  fossa  siipratonsillaris,  exists  above 
it  and  represents  a  portion  of  the  original  second  branchial 
furrow. 

The  groove  of  Rosenmiiller,  which  was  at  one  time 
thought  to  be  also  a  remnant  of  the  second  furrow,  is  a 
secondary  depression  w^hich  appears  in  embryos  of  11.5 
cm.  behind  the  opening  of  the  Eustachian  tul)e,  in  about 
the  region  of  the  third  branchial  furrow. 

The  Development  of  the  Branchial  Epithelial  Bodies. — 
These  are  structures  which  arise  either  as  thickenings  or 
as  outpouchings  of  the  epithelium  lining  the  lower  portions 
of  the  inner  branchial  furrows.  Five  pairs  of  these  struc- 
tures are  developed  and,  in  addition,  there  is  a  single  un- 
paired median  body.  This  last  makes  its  appearance  in 
embryos  of  about  3  mm.,  and  gives  rise  to  the  major  por- 
tion of  the  thyreoid  body.  It  is  situated  immediately  be- 
hind the  anterior  portion  of  the  tongue,  at  the  apex  of  the 
groove  between  this  and  the  posterior  portion,  and  is  first 
a  slight  pouch-like  depression  (Fig.  167).  As  it  deepens, 
its  extremity  becomes  bilobed,  and  after  the  embryo  has 
reached  a  length  of  6  mm.  it  becomes  completely  separated 
from  theN^or  of  the  pharynx.  The  point  of  its  original 
origin  is,  hSwever,  permanently  marked  by  a  circular  de- 
pression, the  foramen  ccecnm  (Fig.  i68,  fc).  Later  the 
bilobed  body  migrates  down  the  neck  and  becomes  a  solid 
transversely  elongated  mass  (Fig.  172,  /A),  into  the  sub- 
stance of  which  trabeculae  of  connective  tissue  extend,  divid- 
ing it  into  a  network  of  anastomosing  cords  which  later 
28 
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divide  transversely  to  form  follicles.  When  the  embryo 
has  reached  a  length  of  2.6  cm.,  a  cylindrical  outgrowth 
arises  from  the  anterior  surface  of  the  mass,  usually  a  little 
to  the  left  of  the  median  line,  and  extends  up  the  neck  a 
varying  distance,  forming,  when  it  persists  until  adult  life, 
the  so-called  pyramid  of  the  thyreoid  body. 

This  account  of  the  pyramid  follows  the  statements  made  by 
recent  workers  on  the  question  (Toumeiix  and  Verdun) ;  His 


c.    i7i,— Reconstriictions   of  the   Bhakckial    Epitheual   Bodies 

OF    EHBftVOS    OF    {A)     14    MM.    AND    (S)    26   MM. 

,  AorU;  1th,  laleral  thyreoid;  ph,  pharynx;  ptk^  and  pth\  panilhy- 
reoids;  th,  thyreoid;  thy,  thymus;  vc,  vena  cava  superior. — ITowr- 
neux  and  Verdun.) 


has  claimed  that  it  is  the  remains  of  the  stalk  connecting  the 
thyreoid  with  the  floor  of  the  pharynx,  and  which  he  temis 
the  thyreo-glossal  duct. 

In  addition  to  this  median  structure,  one  of  the  pairs  of 
the  lateral  evaginations  also  takes  part  in  the  formation  of 
the  thyreoid  body.  These  are  the  lateral  thyreoids  (Fig. 
172,  Uh),  and  they  arise  from  the  posterior  wall  of  the 
fourth  branchial  furrow,  in  embryos  of  about  8  mm.  Sepa- 
rating from  the  furrow,  they  migrate  backward  to  fuse,  in 
embryos  of  alwut  i6  mm.,  with  the  jwsterior  surface  of  the 
lateral  portions  of  the  median  thyreoid.     They  form,  how- 


ever,  only  a  relatively  small  portion  of  the  entire  thyreoid 
(Fig.  173.  thm  IV). 

Two  other  pairs  of  bodies  enter  into  intimate  relations 
with   the  thyreoid,    forming  wliat   have   been   termed   ttie 
parathyreoid  bodies 
(Fif;.    172,    /1//1'    and 
pik').      One     of     these 
pairs   arises   as  a   thick-  . 
ening    of    the    anterior 
wall  of  the  fourth  bran- 
chial   groove    and    the 
other   comes    from    the 
corresponding    wall    of 
the  third  groove.     The 
members  of  the  former 
pair,     after     separating 
from  their  points  of  ori- 
gin, come  to  lie  on  the 
dorsal    surface    of    the 
lateral    portions   of    the 
thyreoid  body  (Fig.  173. 
pthm  IV)  in  close  prox- 
imity to  the  lateral  thy- 
reoids,   while    those    of 
the   other  pair,   passing 
further  backward,  come 
to  rest  behind  the  lower  p,,, 
border  of  the  thyreoid         I 
(Fig.    I7i.    pthm   III).  p,k,l  HI  ^y^A  pthm 
The  cells  of  these  bodies       J^;  thyreoid ;   thm 
do  not  become  divided 

into  cords  by  the  ingrowth  of  connective  tissue  to  the  same 
extent  as  those  of  the  thyreoids,  nor  do  they  l>ecome  sepa- 
rated into  follicles,  so  that  the  lK>dies  are  readily  distinguish- 
able by  their  structure  from  the  thyreoid. 


I 


Bodies 


New- 


(  IV,  Parathyreoida; 
ti  ///,  thymus ;  thm 
IV,    lateral    thyreoid.— ( Gro« A uff.) 
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From  the  posterior  wall  of  the  third  branchial  groove  a 
pair  of  evaginatioiis  develop,  similar  to  those  which  produce 
the  lateral  thyreoids.  These  elongate  greatly,  and  growing 
downward  ventrally  to  the  thyreoid  and  separating  from 
their  points  of  origin,  come  to  lie  below  the  thyreoids,  form- 
ing the  thymus  gland  (Fig.  172,  thy).  As  development 
proceeds  they  pass  further  backward  and  come  eventually 
to  rest  upon  the  anterior  surface  of  the  pericardium.  The 
cavity  which  they  at  first  contain  is  early  obliterated  and  the 
glands  assume  a  lobed  appearance  and  become  traversed  by 
trabecule  of  connective  tissue.  Lymphocytes,  derived,  ac- 
cording to  some  recent  observations,  directly  from  the  epi- 
thelium of  the  glands,  make  their  appearance  and  gradually 
increase  in  number  until  the  original  epithelial  cells  are  rep- 
resented only  by  a  number  of  peculiar  spherical  structures, 
consisting  of  cells  arranged  in  concentric  layers  and  known 
as  Hassall's  corpuscles. 

The  glands  increase  in  size  until  about  the  fifteenth  year, 
after  which  they  gradually  undergo  degeneration  into  a 
mass  of  fibrous  and  adipose  tissue. 

Finally,  a  pair  of  outgrowths  arise  from  the  floor  of  the 
pharynx  just  behind  the  fifth  branchial  arch,  in  tlie  region 
where  the  fifth  groove,  if  developed,  woulfl  occur.  These 
post-branchial  bodies,  as  they  have  been  called,  usually 
undergo  degeneration  at  an  early  stage  and  disappear  com- 
pletely, though  occasionally  they  persist  as  cystic  structures 
embedded  in  the  substance  of  the  thyreoid. 

The  relation  of  these  various  structures  to  the  branchial 
grooves  is  shown  by  the  annexed  diagram  (Fig.  174);  and 
from  it,  it  will  be  seen  that  the  boilies  dt-rivcd  from  the  third 
and  fourth  grooves  are  serially  equivalent.  Comparative  cm- 
bryologj-  makes  this  fact  still  more  evident,  since,  in  the  lower 
vertebrates,  each  branchial  groove  contributes  to  the  formation 
of  the  thymus  gland.     Tlie  terminology  used  above  for  tlic 
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various  bodies  is  that  generally  applied  to  the  mammalian 
oi^ans,  but  it  would  be  better,  for  the  sake  of  comparison  with 
other  vertebrates,  to  adopt  the  nomenclature  proposed  by  Gro- 
schuff,  who  terms  each  lateral  thyreoid  a  thymus  IV,  while 
each  thymus  lobe  is  a  thymus  III.     Similarly  the  paratliyreoids 


Fic  174. — Diagram  showing  the  Omr.iN  of  the  Vabious  Branchial 

Epithelial  Bodies. 
till.  Lateral  ihyreoids;  />/>,  posibranchial  bodies;  fihf  and  pk^,  para- 

thyreoids;    th,  median  thyreoid;    thy,  ihymus;  /  to  /f,  btaiKhial 

grooves. — (.Kokn.) 


are  termed  parathymus  III  and  IV,  the  term  thyreoid  being 
limited  to  the  median  thyreoid. 

The  Musculature  of  the  Pharynx. — The  pharynx  differs 
from  other  portions  of  the  archenteron  in  the  fact  that  its 
walls  are  furnished  with  voluntary  muscles,  the  principal  of 
which  are  the  constrictors  and  the  stylo-pharyngeus.  This 
peculiarity  arises  from  the  relations  of  the  pharynx  to  the 
branchial  arches.  It  has  been  seen  that  in  the  higher  mam- 
malia the  dorsal  ends  of  the  third,  fourth,  and  fifth  bran- 
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chial  cartilages  disappear;  the  muscles  originally  associated 
witli  these  structures  persist,  however,  and  give  rise  to  the 
muscles  of  the  pharynx,  which  consequently  are  innervated 
by  the  ninth  and  tenth  nerves. 

The  Development  of  the  CEsophagus. — From  the  ven- 
tral side  of  tlie  lower  portion  of  the  pharynx  an  evagination 
develops  at  an  early  stage  which  is  destined  to  give  rise  to 
the  organs  of  respiration;  the  development  of  this  may, 
however,  be  conveniently  postponed  to  a  later  chapter 
(Chapter  XII). 

The  oesophagus  is  at  first  a  very  short  portion  of  the 
archenteron  (Fig.  175,  A),  but  as  the  heart  and  diaphragm 
recede  into  the  thorax,  It  elongates  (Fig.  175,  B)  until  it 
eventually  forms  a  considerable  portion  of  the  digestive 
tract.  Its  endodermal  lining,  like  that  of  the  rest  of  the 
digestive  tract  except  the  pharynx,  is  surrounded  by  splanch- 
nic mesoderm  whose  cells  become  converted  into  non- 
striated  muscular  tissue,  which,  by  the  fourth  month,  has 
separated  into  an  inner  circular  and  an  outer  longitudinal 
layer. 

The  Development  of  the  Stomach  and  Intestines. — 
By  the  time  Ihe  embryo  has  reached  a  length  of  about  3  mm. 
its  constriction  from  the  yolk-sac  has  proceeded  so  far  that 
a  portion  of  the  digestive  tract  anterior  to  the  yolk-sac  can 
be  recognized  as  the  stomach  and  a  portion  posterior  as  the 
intestine.  At  first  the  stomach  is  a  simple,  spindle-shaped 
enlargement  (Fig.  175)  and  the  intestine  a  tube  without 
any  coils  or  bends,  but  since  in  later  stages  the  intestine 
grows  much  more  rapidly  in  length  than  the  abdominal 
cavity,  a  coiling  of  the  intestine  becomes  necessary. 

The  elongation  of  the  stomach  early  produces  changes  in 
its  position,  its  lower  end  bending  over  toward  the  right, 
while  its  upper  end,  owing  to  the  development  of  the  liver, 
is  forced  somewhat  toward  the  left.     At  the  same  time  the 
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entire  organ  undergoes  a  rotation  about  its  longitudinal  axis 
through  nearly  ninety  degrees,  so  that,  as  the  result  of  the 

combination  of  these  two  changes,  what  was  originally  its 
ventral  border  becomes  its  lesser  curvature  and  what  was 
originally  its  left  surface  becomes  its  ventral  surface. 


D  (B)  s  1 


Fig.    175,— Recon.stbuctwns 

Of  (.4)  4.2  - ■■    ■ 

all,  Allnnlois ;  cl,  cloaca:  /,  lung;  li.  liver;  Rf.  Raihkt-'s  pouch; 

stomach;  (,  longue;  lit.  Ihyreoid  body;  IFd,  Wolffian  duct;  y,  yo 

stalk.— </fw.) 


Hence  it  is  that  the  left  vagus  nerve  passes  over  the  ventral 
and  the  right  over  the  dorsal  surface  of  the  stomach  in  the 
adult. 

In  the  meantime  the  elongation  of  the  cesophagus  has 
carried  the  stomach  further  away  from  the  lower  end  of  the 
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pharynx,  and  from  being  spiiidle-sliaped  it  lias  become  more 
pyriform,  as  in  tbe  adult. 

The  growth  of  tbe  intestine  results  in  its  being  tbruwn 
into  a  Imjp  opposite  the  jxiint  where  tbe  yolk-stalk  is  still 
connected  with  it,  the  loop  projecting  ventrally  into  the  por- 
tion of  the  ccelomic  cavity  which  is  contained  within  the 
umbilical  cord,  and  being  placed  so  that  its  upper  limb  lies 
to  tbe  right  of  tbe  lower  one.     Upon  the  latter  a  slight 


Fit;.   176.— RKOiNSTMUcTroN  of  Eubrvo  of  m  mm. 

C,  Ca;euiii;  K,  kidney;  L,  liver;  S,  stomach;  SC,  suprarenal  bodies; 

W,  niesoiiephros. — {Mall.) 

jioucii-tike  lateral  outgrowth  appears  which  is  the  beginning 
of  tbe  C{ecum  and  marks  tbe  line  of  union  of  the  future 
small  and  large  intestine.  The  small  intestine,  continuing 
to  lengthen  more  rapidly  than  the  large,  assumes  a  sinuous 
course  (Fig.  176),  in  which  it  is  possible  to  recognize  six 
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primary  coils  wliich  ci>iuiiuie  to  be  recognizable  until  ad- 
vanced stages  of  development  and  even  in  the  adult  (Mall). 
The  first  of  these  is  at  first  indistingtiisbabte  from  the 
pyloric  portion  of  the  stomach  and  can  be  recognized  as  the 
duodenum  only  by  the  fact  that  it  has  connected  with  it  the 
ducts  of  the  liver  and  pancreas;  as  development  proceeds, 
however,  its  caliber  diminishes  and  it  assumes  the  appear- 
ance of  a  portion  of  the  intestine. 
The  remaining  coils  elongate  rapidly  and  are  thrown  into 


FUi.    177.— RE(.-0N  STRUCT  ION   VV   lEIE  InTISTINE  01-  A.S    EhBRVO  of    |l)  MM. 

The  Figltkes  on  the  Intestine  Indic^tk  the  Primarv  Coils. — 
(Mall.) 

numerous  secondary  cuils,  all  of  which  are  still  contained 
within  the  ccclom  of  the  umbilical  cord  (Fig.  177).  When 
the  embryo  has  reached  a  length  of  about  40  mm.  tlie  coils 
rather  suddenly  return  to  the  abdominal  cavity,  and  now  the 
cecimi  is  thrown  over  toward  the  right,  so  that  it  comes  to 
lie  immediately  beneath  the  liver  on  the  right  side  of  the 
abdominal  cavity,  a  position  which  it  retains  until  about  the 
fourth  month  after  birth  (Treves),  The  portion  nf  ihe 
large  intestine  which  formerly  projected  into  the  nmliilical 
ccelom  now  lies  transversely  across  the  upper  part  -.-l  the 


322 


THE   INTESTINE. 


abdomen,  crossing  in  front  of  the  duodenum  and  having  the 
remaining  portion  of  the  small  intestine  below  it.  The 
elongation  continuing,  the  secondary  coils  of  tbe  small  in- 
testine become  more  numerous  and  the  lower  portion  of  the 
large  intestine  is  thrown  into  a  loop  which  extends  trans- 
versely across  the  lower  part  of  the  abdominal  cavity  and 
represents  the  sigmoid  flexure  of  the  colon.  At  the  time 
of  birth  this  portion  of  the  large  intestine  is  relatively  much 
longer  than  in  the  adult,  amounting  to  nearly  half  the  entire 
length  of  the  colon  (Treves),  but  after  the  fourth  month 
after  birth  a  readjustment  of  the  relative  lengths  of  the 
parts  of  the  colon  occurs,  the  sigmoid  flexure  becoming 
shorter  and  the  rest  of  the  colon  proportionatly  longer, 
whereby  the  caecum  is  pushed  downward  until  it  lies  in  tbe 
right  iliac  fossa,  the  ascending  colon  being  thus  established. 
When  this  condition  has  been  reached,  the  duodenum, 
after  passing  downward  for  a  short  distance  so  as  to  pass 
dorsally  to  the  transverse  colon,  bends  toward  the  left  and 
the  secondary  coils  derived  from  the  second  and  third  pri- 
mary coils  come  to  occupy  the  left  upper  portion  of  the 
abdominal  cavity.  Those  from  the  fourth  primary  coil  pass 
across  the  middle  line  and  occupy  the  right  upper  part  of 
the  abdomen,  those  from  the  fifth  cross  back  again  to  the 
left  lumbar  and  iliac  regions,  and  those  of  the  sixth  take 
possession  of  the  false  pelvis  and  the  right  iliac  region  (Fig. 

178). 

Slight  variations  from  this  arrangement  are  not  infrequent, 
but  it  occurs  with  sufficient  frequency  to  be  regarded  as  the 
normal.  A  failure  in  the  readjustment  of  the  relative  lengths 
of  the  different  parts  of  tJie  colon  may  also  occasionally  occur, 
ill  which  case  the  caecum  will  retain  its  embryonic  position 
beneath  ihe  liver. 

The  yolk-stalk  is  continuous  with  the  intestine  at  the 
extremity  of  the  loop  which  extends  out  into  the  umbilical 
ccelom,  and  when  the  primary  coils  become  apparent  its 
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point  of  attachment  lies  in  the  region  of  the  sixth  coil.  As 
a  ni!e,  the  caliber  of  the  stalk  does  not  increase  proportion- 
ally with  that  of  the  intestine,  and  eventually  its  embryonic 
portion  disappears  completely.  Occasionally,  however,  this 
portion  of  it  does  partake  of  the  increase  in  size  which 


Fig.  17&— Retresentation  of  the  Coilincs  ok  the  lNTE,sTrNE  in  the 
Addlt  CoNomoN.  The  Numbers  inuicate  tbe  Pkimahy  Coils.— 
iMalt.) 

occurs  in  the  intestine,  and  it  forms  a  blind  pouch  of  vary- 
ing length,  known  as  Meckel's  diverticulum  (see  p.  1 19) . 

The  cacum  has  been  seen  to  arise  as  a  lateral  outgrowth 
at  a  time  when  the  intestine  is  first  drawn  out  into  the 
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iinibiliciis.  During  subsequent  development  it  contiiuies 
to  increase  in  size  until  it  forms  a  conical  pouch  arising 
from  tlie  colon  just  where  it  is  joined  by  the  small  intes- 
tine (Fig.  179).  The  enlargement  of  its  terminal  portion 
floes  not  keep  pace,  however,  with  that  of  the  portion  near- 
_  est  the  intestine,  but  it  becomes  grad- 

ually more  and  more  marked  off 
from  it  by  its  lesser  caliber  and  gives 
rise  to  the  vermiform  appendix.  At 
birth  the  original  conical  form  of 
the  entire  ontgrowth  is  still  quite  evi- 
dent, though  it  is  more  properly  de- 
scribed as  funnel-shaped,  but  later 
the  proximal  part,  continuing  to  in- 
crease in  diameter  at  the  same  rate 
as  the  colon,  becomes  sharply  sepa- 
rated from  the  appendix,  forming  the 
caecum  of  adult  anatomy. 

Up  to  the  time  when  the  embryo  has  reached  a  length  of 
14  mm.,  the  inner  surface  of  the  intestine  is  quite  smooth, 
but  ivhen  a  length  of  19  mm.  has  been  reached,  the  mucous 
membrane  of  the  upper  jxirtion  becomes  thrown  into  longi- 
tudinal folds,  and  later  these  make  their  appearance  through- 
out its  entire  length  (Fig.  180).  Later,  in  embryos  of  60 
mm.,  these  folds  break  up  into  numbers  of  conical  processes, 
the  villi,  which  increase  in  number  with  the  development 
of  the  intestine,  the  new  villi  appearing  in  the  intervals 
between  tho.se  already  present. 

A  remarkable  phenomenon  has  reccTitly  been  described  as 
occurring  in  the  duodenum  of  embryos  of  about  12,5  mm.  It 
consists  in  a  rapid  growth  in  the  thickness  of  the  mucous  mem- 
brane, whereby  the  lumen  of  the  intestine  immediately  below 
the  opening  of  the  hepatic  and  pancreatic  ducts  becomes  greatly 
reduced  in  size  and  is  finally  completely  obliterated.  This 
condition  persists  until  the  embryo  has  reached  a  length  of  14.5 


THE  LIVER. 

■hen  the  lumen  again  appears  (Tandler).     This  process 
interesting  in  connection  with  the  occasional  occurrence  in 

children  of  an  atresia  of  the  duodenum. 
The  Development  of  the  Liver. — The  liver  makes  its 
appearance  in  embryos  of  about  3  mm.  as  a  longitudinal 
groove  upon  the  ventral  surface  tif  the  archenteron  just 
Iwlow  the  stomach  and  between  it  and  the  umbilicus.  The 
entlodermai  cells  lining  the  anterior  portion  of  the  groove 
early  undergo  a  rapid  proliferation,  and  form  a  solid  mass 
which  projects  ventrally  into  the  substance  of  a  horizontal 


iNSTKL"CTION     OF     A      PoKTION    [ 
BkVUUKZS   UH.,  SUOWINt;   THE   LoNCITirllJ 

'.  Villi  a»e  FoRUEn. —  (Berry.) 


shelf,  the  septum  transversum  (see  p.  ^ij),  attached  to 
the  ventral  wall  of  the  body.  Tliis  solid  mass  (Fig.  181, 
L)  form  the  beginning  of  the  liver  proper,  while  the  lower 
portion  of  the  groove,  which  remains  hollow,  represents  the 
future  gall-bladder  (Fig.  181,  B).  Constrictions  appear- 
ing between  the  intestine  and  both  the  hepatic  and  cystic 
portions  of  the  organ  gradually  separate  these  from  the 
intestine,  until  they  are  united  to  it  only  by  a  stalk  which 
represents  the  ducltis  choledochus  (Fig.  181). 
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The  further  development  of  the  liver,  so  far  as  its  exter- 
nal form  is  concerned,  consists  in  the  rapid  enlargement  of 
the  hqjatic  portion  until  it  occupies  the  greater  part  of  the 
upper  half  of  the  abdominal  cavity,  its  ventral  edge  extend- 
ing as  far  down  as  the  umbilicus.  In  the  rabbit  its  sub- 
stance becomes  divided  into  four  lobes  corresponding  to  the 
four  veins,  iimbihcal  and  omphalo-mesenteric,  wliich  trav- 
erse it,  and  the  same  condition  occurs  in  the  human  embryo, 
although  the  lobes  are  not  so  clearly  indicated  upon  the 


L    Liver    Outgrowths  op  RABon 

,  AND   (B)   OF  8  MM. 

Juctus  vcnosus;  L,  liver;  p,  dorsal 

;  rL.  right  lobe  of  the  liver;  S. 


Fig.   i8i. — Reionstruci 

Emeikvos  . 

B.  Gall-bhdder;  d,  duo. 

stomach. — (Hatnma 


surface  as  in  the  rabbit.  The  two  omphalo-mesenteric  lobes 
are  in  close  apposition  and  may  almost  be  regarded  as  one, 
a  median  ventral  lobe  which  embraces  the  ductus  venosus 
(Fig.  i8i,  B,  DV),  while  the  umbilical  lobes  are  more  lat- 
eral and  dorsal  and  represent  the  right  (rL)  and  left  lobes 
of  the  adult  liver.  The  remaining  definite  lobes,  the  cau- 
date   (Spigelian)    and    quadrate,   are   of   later    formation, 
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Standing  m  relation  to  the  vessels  wliich  cross  the  lower 
surface  of  the  liver. 

The  ductus  choledochus  is  at  first  wide  and  short,  and 
near  its  proximal  end  gives  rise  to  a  small  outgrowth  on 
each  side,  one  of  which  becomes  the  ventral  pancreas  (Fig. 
181,  B,  pm).  Later  the  duct  elongates  and  becomes  more 
slender,  and  the  gall-bladder  is  constricted  off  from  it,  the 
connecting  stalk   becoming  the   cyslic  duct.     The  hepatic 


Fig.    i&j.^Tra 
in.  Int 


Section  through   the  Liver  of  an   Embrvc 
OF  Four  Months. 
;  /,  liver;  iV,  Wolffian  body.— (Toldl  and  Zuckerkanil) 


ducts  are  apparently  developed  from  the  liver  substance  and 
are  relatively  late  in  appearing. 

Shortly  after  the  hepatic  portion  has  been  differentiated 
its  substance  becomes  permeate<l  by  numerous  blood-vessels 
(sinusoids)  and  so  dividetl  into  anastomosing  trabecule 
(Fig.  182),  Tliese  are  at  first  irregular  in  size  and  shape, 
but  later  they  become  more  slender  and  more  regularly 
cylindrical,  forming  what  have  been  termed  the  hepatic 
cylinders.     In  the  center  of  each  cylinder,  where  the  cells 


3X8  TltE    IJVER. 

whicli  form  it  meet  together,  a  fine  canal  appears,  the  begio- 
ntng  fif  a  bite  capillary,  llie  cylinders  thus  Itecoming^  a»- 
vcrlcd  into  tubes  with  fine  himina.  TTiis  occurs  at  aboat 
the  fdurlh  week  of  develripment  and  at  this  time  a  cposs- 
KCdioci  uf  a  cylinder  shows  it  to  be  compti^^ed  of  about  thnx 
cr  four  hepatic  cells  (Fig.  183.  A),  among  which  are  to 
tic  Mccn  (fToiitwi  of  smaller  cells  (e)  which  are  erythrocytes, 
the   hvcr  hnvinu  assumeil   by  thi5  time  its   haematopoietic 
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be,  Bile  (spillary;  e,  iryilirotyie ;    he.  hcpaiic  cylin<icr.— ( roWl    and 
Xuckerkandl. ) 

function  (sec  p.  238).  This  condition  of  affairs  persists 
until  hirtli,  but  hiler  the  cylinders  undergo  an  elongation, 
the  cells  of  which  they  are  coinixised  slipping  over  one  an- 
other app«reiitly.  so  that  the  cyhndcrs  Iwcome  thinner  as 
well  as  longer  aud  show  for  the  most  jxirt  iinly  two  cells 
in  a  transverse  section  (Fig.  18,1.  B) ;  an<!  in  still  later 
l«;riods  ihe  two  cells,  instead  of  lying  i>pp<jsite  one  another, 
may  allcrnatc,  so  that  the  cylinders  l>ccome  even  nmre 


THE  LIVER. 


329 


The  bile  capillaries  seem  to  make  their  appearance  first 
in  cylinders  which  lie  in  close  relation  to  branches  of  the 
portal  vein  (Fig.  184),  and  thence  extend  throughout  the 
neighboring  cylinders,  anastomosing  with  capillaries  devel- 
oping in  relation  to  neighboring  portal  branches.  As  the 
extension  so  proceeds  the  older  capillaries  continue  to  en- 
large and  later  become  transformed  into  bile-ducts  (Fig. 
184,  C),  the  cells  of  the  cylinders  in  which  these  capillaries 
were  situated  becoming  converted  into  the  epithelial  lining 
of  the  ducts. 

The  lobules,  which  form  so  characteristic  a  feature  of 


Fig.  184.— Injected  Bile  Capillaries  of  Pig  Embryos  of  (A)  8  cm., 
(B)   16  CM.,  AND  (C)  OF  Adult  Fig.— (Hendrickson.) 

the  adult  liver,  are  late  in  appearing,  not  being  fully  devel- 
oped until  some  time  after  birth.  They  depend  upon  the 
relative  arrangement  of  the  branches  of  the  portal  and 
hepatic  veins;  these  at  first  occupy  distinct  territories  01 
the  liver  substance,  being  separated  from  one  another  by 
practically  the  entire  thickness  of  the  liver,  although  of 
course  connected  by  the  capillaries  which  lie  between  the 
hepatic  cylinders.  During  development  the  two  sets  of 
branches  extend  more  deeply  into  the  liver  substance,  each 
invading  the  territory  of  the  other,  but  they  can  readily  be 
29 
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distinguished  from  one  another  by  the  fact  that  the  portal 
branches  are  enclosed  within  a  sheath  of  connective  tissue    ] 
(Glisson's  capsule)  which  is  lacking;  to  the  hepatic  vessels. 
At  about  the  time  of  birth  the  branches  of  the  hepatic  veins    ] 
^ve  off  at  intervals  bunches  of  terminal  vessels,  around  j 
which  branches  of  the  portal  vein  arrange  themselves,  the  ] 
liver  tissue  becoming  divided  up  into  a  number  of  areas 
which  may  be  termed  hepatic  ishttds,  each  of  which  is  sur- 
rounded  by   a   number   of   portal   branches   and    contains    j 
numerous     dichotomously     branching     hepatic     terminals. 
Later  the  portal  branches  sink  into  the  substance  of  the  ] 
islands,  which  thus  Ijecome  lobed,  and  finally  the  sinking  in   j 
extends  so  far  that  the  original  island  becomes  separated 
into  a  number  of  smaller  areas  or  lobules,  each  containing, 
as  a  rule,  a  single  hepatic  terminal  {the  intralobular  vein) 
and  being  surrounded  by  a  number  of  portal  terminals  \ 
{inlerlobular  zieim).  the  two  systems  Iieing  united  by  the 
capillaries  which  separate  the  cylinders  contained  within  the 
area.     The  lobules  are  at  first  very  small,  but  later  they 
increase  in  size  by  the  extension  of  the  hepatic  cylinders. 

Frequently  In  tlic  human  liver  lobules  are  to  be  found  con- 
tahiing  two  intralobular  veins,  a  condition  which  results  from 
an  imperfect  subdivision  of  a  lobe  of  the  original  hepatic  island. 

The  liver  early  assumes  a  relatively  large  size,  its  weight 
at  one  time  being  equal  to  that  of  the  rest  of  the  body,  and 
though  in  later  embryonic  stages  its  relative  size  dimin- 
ishes, yet  at  birth  it  is  still  a  voluminous  organ,  occupying 
the  greater  portion  of  the  upper  half  of  the  alxloniinal 
cavity  and  extending  far  over  into  the  left  hypochondrium. 
Just  after  birth  there  is,  however,  a  cessation  of  growth, 
and  the  subsequent  increase  prtKeeds  at  a  much  slower  rate 
than  that  of  the  rest  of  the  body,  so  that  its  relative  size 
becomes  still  more  diminishetl  (see  Chap.  XVII).  Tlie 
cessation  of  growth  affects  principally  the  left  lobe  and  is 


THE   PANCREAS. 


portions  of  the        ^H 
telv.  while  the        ^H 


accompanied  by  an  actual  degeneration  of  portions  ( 
liver  tissue,  the  cells  disappearing  completely,  while  the 
ducts  and  blood-vessels  originally  present  persist,  the  for- 
mer constituting  the  vasu  abcrrantia  of  adult  anatomy. 
These  are  usually  especially  noticeable  at  the  left  edge  of 
the    liver,    l>etween    the 

folds   of   the   left   lateral  .-•^^•T"  '  ~3 

ligament,  but  they  may 
also  be  found  along  the 
line  of  the  vena  cava, 
aromid  the  gall-bladder, 
and  in  the  region  of  the 
left   longitudinal  fissure. 

The  Development  of 
the  Pancreas. — The  pan- 
creas arises  a  little  later 
than  the  liver,  as  three 
separate  outgrowths,  one 
from  the  dorsal  surface 
of  the  duodenum  (Fig, 
185,  DP)  usually  a  little 
above  the  liver  outgrowth, 
and  one  on  each  side  from 
the  lower  part  of  the  com- 
mon bile-duct.  Of  the 
latter  outgrowths,  that 
upon  the  left  side  {Vps) 
early  begins  to  degenerate 
and  completely  disap- 
pears, while  that  of  the 
right  side  ( Vpd)  con- 
tinues its  development  to  form  what  has  been  termed  the 
ventral  pancreas.  Both  this  and  the  dorsal  pancreas  continue 
to  elongate,  the  latter  lying  to  the  left  of  the  portal  vein,  while 


Outgrowth: 


D,  Duodenum ;  De,  ductus  c 

choledochus;  DP.  dorMi  pancreas; 
Vfid.  and  Vps.  righi  and  left  ven- 
tral  pancreas.— (^f/Zy.) 
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the  former,  at  first  situated  to  the  right  of  the  vein,  later 
grows  across  its  ventral  surface  so  as  to  come  into  contact 
with  the  dorsal  gland,  with  which  it  fuses  so  intimately 
that  no  separation  line  can  be  distinguished.  The  body 
and  tail  of  the  adult  pancreas  represent  the  original  dorsal 
outgrowth,  while  the  right  ventral  pancreas  becomes  the 
head. 

Both  the  dorsal  and  ventral  outgrowths  early  become 
lobed,  and  the  lobes  Iwcoming  secondarily  lobed  and  this 
tobation  repeating  itself  several  times,  the  compound  tubu- 
lar structure  of  the  adult  gland  is  acquired,  the  very  numer- 
ous terminal  lobules  becoming  the  secreting  acini,  while  the 
remaining  portions  become  the  ducts.  Of  the  principal 
ducts,  there  are  at  first  two;  that  of  the  dorsal  pancreas, 
the  duct  of  Saiilorim,  opens  into  the  duodenum  on  its  dorsal 
surface,  while  that  of  the  ventral  outgrowth,  the  duct  of 
IVirsung,  opens  into  the  ductus  choledochus.  When  the 
fusion  of  the  two  portions  of  the  gland  occurs,  an  anastomo- 
sis of  branches  of  the  two  ducts  develops  and  the  proximal 
portion  of  the  duct  of  Santorini  usually  degenerates,  so  that 
the  secretion  of  the  entire  gland  empties  into  the  common 
bile-ducts  througli  the  duct  of  Wirsung. 

In  the  connective  tissue  which  separates  the  lobules  of 
the  gland,  groups  of  cells  occur,  which  have  no  connection 
with  the  ducts  of  the  gland,  and  form  what  are  termed  the 
areas  of  Langerhatts.  lliey  arise  by  a  differentiation  of 
the  cells  which  form  the  original  pancreatic  outgrowths, 
and  have  been  distinguished  in  the  dorsal  pancreas  of  the 
guinea-pig  while  it  is  still  a  solid  outgrowth.  They  gradu- 
ally separate  from  the  remaining  cells  of  the  outgrowth  and 
come  to  lie  in  the  mesenchyme  of  the  gland  in  groups  into 
which,  finally,  blood-vessels  penetrate. 
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CHAPTER    XI 

THE   DEVELOPMENT  OF   THE    PERICARDIUM, 

THE    PLEURO-PERITONEUM    AND    THE 

DIAPHRAGM. 

It  has  been  seen  (p.  241)  tliat  the  IieArt  makes  its  appear- 
ance at  a  stage  when  the  greater  portion  of  the  ventral  sur- 
face of  the  intestine  is  still  open  to  the  yolk-sac.  The  ven- 
tral mesoderm  splits  to  form  the  somatic  and  splanchnic 
layers  and  the  heart  develops  as  a  fold  in  the  latter  on  each 
side  of  the  median  line,  projecting  into  the  cteiomic  cavity 
enclosed  by  the  two  layers  (Fig,  130.  ^).  As  the  constric- 
tion of  the  anterior  part  of  the  embryo  proceeds  the  two 
heart  folds  are  brought  nearer  together  and  later  meet,  so 
that  the  heart  becomes  a  cylindrical  structure  lying  in  the 
median  line  of  the  body  and  is  suspended  in  the  cieloni  by 
a  ventral  band,  the  ventral  mesocardatm,  composed  of  two 
layers  of  splanchnic  mesoderm  which  extend  to  it  from  the 
ventral  wall  of  the  body,  and  by  a  similar  band,  the  dorsal 
mcsocardium,  which  unites  it  with  the  splanchnic  mesoderm 
surrounding  the  digestive  tract.  The  ventral  mesocardium 
soon  disappears  (Fig.  130,  C)  and  the  dorsal  one  also  van- 
ishes somewhat  later,  so  that  the  heart  comes  to  lie  freely 
in  the  ccelomic  cavity,  except  for  the  connections  which  it 
makes  with  the  body-walls  by  the  vessels  which  enter  and 
arise  from  it. 

The  ccelomic  cavity  of  the  embryo  does  nut  at  first  com- 
municate with  the  extra -embryonic  ctfilom,  which  is  formed 
at  a  very  early  period  (see  p.  6g).  but  later  when  the  split 
ting  of  the  embryonic  mesoderm  takes  place  tlie  two  cavities 
a^  335 
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become  continuous  behind  the  heart,  but  not  anteriorly,  since 
the  ventral  wall  of  the  body  is  formed  in  the  heart  region 
before  the  union  can  take  place.  It  is  possible,  therefore, 
to  recognize  two  portions  in  the 
embryonic  ccelom,  an  anterior 
one,  the  parietal  cazily  (His), 
which  is  never  connected  later- 
ally with  the  exlra-enihryonic 
cavity,  and  a  posterior  one,  the 
trunk  cat'ily,  which  is  so  con- 
nected. The  heart  is  situated  in 
the  parietal  cavity,  a  consider- 
able portion  of  which  is  destined 
to  become  the  perkanHal  cavity. 
Since  the  parietal  cavity  lies 
immediately  anterior  to  the  still 
wide  yolk-stalk,  as  may  be  seen 
from  the  position  of  tlie  heart 
in  the  embryo  shown  in  Fig. 
42,  it  is  bounded  posteriorly  by 
the  yolk-stalk.  This  boundary 
is  complete,  however,  only  in 
the  median  line,  the  cavity  be- 
ing continuous  on  either  side 
of  the  yolk-stalk  with  the  trunk- 
cavity  by  passages  which  have  , 
been  termed  the  reccssus  parie- 
lalcs  {Fig.  186,  Bp  and  Rca). 
Passing  forward  toward  the  ' 
heart  in  the  splanchnic  meso- 
derm which  surrounds  the  yolk- 
stalk  are  the  large  omphalo-niesenteric  veins,  one  on  either 
side,  and  these  shortly  Income  so  large  as  to  bring  the 
splanchnic  mesoderm  in  which  they  lie  in  contact  with  the 


Rca. 


Eight   Days,    with   the 
Pericardial  Cavity  Laid 

A,  Auricle;  Aob,  aorlic 
btilb;  A.V.,  auriculo-vrn- 
IricuUr  communicalion : 
Bp,  ventral  parieial  re. 
cess;  Om,  omphalo-mes- 
enleric  vein ;  Pc,  peri- 
cardial cavity;  Rca,  dor- 
mI  parieial  recess ;  Sv. 
sinus  venosus ;  V,  ventri- 
cle.-(H«.) 
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somatic  mesoderm  which  forms  the  lateral  wall  of  each 
recess.  Fusion  of  the  two  layers  of  mesoderm  along  the 
course  of  the  veins  now  take  place,  and  each  recess  thus 
becomes  divided  into  two  parallel  passages,  which  have  been 
termed  the  dorsal  (Fig.  187,  rpd)  and  ventral  (rpv)  parie- 
tal recesses.  Later  the  two  veins  fuse  in  the  upi>er  portion 
of  their  course  to  form  the  beginning  of  the  sinus  venosus, 
with  the  result  that  the  ventral  recesses  become  closed  below 
and  their  continuity  with  the  trunk-cavity  is  interrupted,  so 
tliat  tliey  form  two  blind  pouches  extending  downward  a 
short  distance  from  the  ventral  portion  of  the  floor  of  die 


io, 


parietal  cavity.     The  dorsal  recesses,  however,  retain  their 
continuity  with  the  trunk-cavity  until  a  much  later  period. 

Ey  the  fusion  of  the  ompbalo-niesenteric  veins  mentioned 
above,  there  is  formed  a  thick  semilunar  fold  which  projects 
horizontally  into  the  ccelom  from  the  ventral  wall  of  the 
body  and  forms  the  floor  of  the  ventral  part  of  the  parietal 
recess.  This  is  known  as  the  scplum  iransz-ersum,  and 
besides  containing  the  anterior  portions  of  the  omphalo- 
mesenteric veins,  it  also  furnishes  a  passage  by  whidi  Llie^ 
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ductus  Cuvieri,  formed  by  the  union  of  the  jugular  and  car- 
dinal veins,  reach  the  heart.  Its  dorsal  edge  is  continuous 
in  the  median  line  with  the  mesoderm  surrounding  the  diges- 
tive tract  just  opposite  the  region  where  the  liver  outgrowth 

will  form,  but  laterally  this  edge  is  free  and  forms  the  ven- 
tral walls  of  the  dorsal  parietal  recess.  An  idea  of  the  rela- 
tions of  the  septum  at  this  stage  may  he  obtaineil  from  Fig. 


Rabbit   Ewbrvo  of  Nine  Days 
Septum  Tkansvebsum   fr«m  Above. 
;  dc,  ductus  Cuvieri;  rpd.  dorsal  pariclal  recess. 

'"tvit.) 

i88,  which  represents  the  anterior' surface  of  the  septum, 
together  with  the  related  parts,  in  a  rahbit  cnihryo  of  nine 
days. 

The  Sfparalion  of  flic  Pericardial  Cavily.—T\w  septum 
Iraiisvcrsum  is  at  lirst  almost  linrizoiital,  but  later  it  becomes 
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decidedly  oblique  in  position,  a  change  associated  with  tlie 
backward  movement  of  the  heart.  As  the  closure  of  the 
ventral  wall  of  the  body  extends  posteriorly  the  ventral  edge 
of  the  septum  gradually  slips  downward  upon  it,  while  the 
dorsa!  edge  is  held  in  its  former  position  by  its  attachment 
to  the  wall  of  the  digestive  tract  and  the  ductus  Cuvieri. 
The  anterior  surface  of  the  septum  thus  comes  to  look  ven- 
trally  as  well  as  forw^ard,  and  the  parietal  cavity,  having 
taken  up  into  itself  the  blind  pouches  which  represented  the 
ventral  recesses,  comes  to  lie  to  a  large  extent  ventral  to 
the  posterior  recesses.  As  may  be  seen  from  Fig.  iS8,  the 
ductus  Cuvieri,  as  they  bend  from  the  lateral  walls  of  the 
body  into  the  free  edges  of  the  septum,  form  a  marked 
projection  which  diminishes  considerably  the  opening  of  the 
dorsal  recesses  into  the  parietal  cavity.  In  later  stages  this 
projection  increases  and  from  its  dorsal  edge  a  fold,  which 
may  be  regarded  as  a  continuation  of  the  free  edge  of  the 
septum,  projects  into  the  iip|>er  portions  of  the  recesses  and 
eventually  fuses  with  the  median  portion  of  the  septum 
attached  to  the  wall  of  the  gut.  In  this  way  the  parietal 
cavity  becomes  a  completely  closed  sac,  and  is  henceforward 
known  as  the  pericardial  cavity,  the  original  ccelom  being 
now  divided  into  two  portions,  (r)  the  pericardial,  and  (2) 
the  plcuro- peritoneal  cavities,  the  latter  consisting  of  the 
abdominal  ccelom  together  with  the  two  dorsal  parietal 
recesses  which  have  been  separated  from  the  pericardial 
(parietal)  cavity  and  are  destined  to  he  converted  into  the 
pleural  cavities. 

The  Formation  of  the  Diaphragm. — It  is  to  be  remem- 
bered that  the  attachment  of  the  transverse  septum  to  the 
ventral  wall  of  the  digestive  tract  is  opijosite  the  point  where 
the  liver  outgrowth  develops.  When,  therefore,  the  out- 
growth appears,  it  pushes  its  way  into  the  substance  of  the 
septum,  which  thus  acquires  a  very  considerable  thickness,  . 
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especially  toward  its  dorsal  edge,  and  it  furthermore  be- 
comes differentiated  Into  two  layers,  an  upper  one,  which 
forms  the  floor  of  the  ventral  portion  of  the  pericardial 
cavity  and  encloses  the  Ciivierian  ducts,  and  a  lower  one 
which  contains  the  liver.  The  upper  layer  is  comparatively 
thin,  while  the  lower  forms  the  greater  part  of  the  thickness 
of  the  septum,  its  posterior  surface  meeting  the  ventral  wall 
of  the  ahdomen  at  the  level  of  the  anterior  margin  of  the 
umhilicus  (Fig.  189,  A). 

In  later  stages  of  development  the  layer  containing  tlieJ 


I-'ic.  189.— DiAGHAiis  or  (A)  A  Sagittai.  Section  of  an  Embrvo  show- 

INO  THB  LiVEK    EnOASED   WITHIN    THE  SEPTUM    TbANSVEHSOM  ;    (B) 

A  Fbontal  Section  of  the  Same;  (C)  a  Fbontal  Section  ov  a 
Later  Stage  wren  the  Liver  has  Separated  from  the  Dia- 
phragm. 
All,  Allanlois;  CI.  cloaca:  D,  diapliragm;  Li,  liver;  Ls,  falciform  liga- 
ment of  Ihc  liver;  M,  mesenlery;  Afg,  mesogasirium:  Fe,  peri- 
cariliiim;  S.  stomach:  ST,  sepium  iransversiim;  U,  umbilicus. 

liver  becomes  separated  from  the  upper  layer  by  two  grooves 
which,  appearing  at  the  sides  and  ventrally  immediately 
above  the  liver  (Fig.  189,  B),  gradually  deepen  toward  the 
median  line  and  dorsally.  'lliese  grooves  do  not,  however, 
quite  reach  the  median  line,  a  portion  of  the  lower  layer 
of  the  sqttnni  heing  left  in  this  region  as  a  fold,  situated 
in  the  sagillnl  pl;ine  of  Ihe  Imdy  and  altacbeil  almve  tu  ilie 
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posterior  surface  of  the  upper  layer  and  below  to  the  ante- 
rior surface  of  the  liver,  beyond  which  it  is  continued  down 
the  ventral  wall  of  the  abdomen  to  the  umbilicus  (Fig-.  189, 
C,  Ls).  This  is  the  falciform  ligament  of  the  liver  of  adult 
anatomy,  and  in  the  free  edge  of  its  prolongation  down  the 
ventral  wall  of  the  abdomen  the  umbilical  vein  passes  to  the 
under  surface  of  the  liver,  while  the  free  edge  of  that  por- 
tion which  lies  lietween  the  Hver  and  the  digestive  tract  con- 
tains tlie  omphalo-mesenteric  (portal)  vein,  the  common 
bile-duct,  and  the  hepatic  artery.  The  diagram  given  in 
Fig.  184  will,  it  is  hoped,  make  clear  the  mode  of  formation 
and  the  relation  of  this  fold,  which,  in  its  entirety,  consti- 
tutes what  is  sometimes  termed  the  vcnlral  mesentery. 

And  not  only  do  the  grooves  fail  to  unite  in  the  median 
line,  but  they  also  fail  to  completely  separate  the  liver  from 
the  upper  layer  of  the  septum  dorsally,  the  portion  of  the 
lower  layer  which  persists  in  this  region  forming  the  coro- 
nary ligament  of  the  liver.  The  portion  of  Che  lower  laver 
which  forms  the  roof  of  the  grooves  becomes  the  layer  of 
peritoneum  covering  the  posterior  surface  of  tlie  upper  layer 
(which  represents  the  diaphragm),  while  the  portion  which 
remains  connected  with  the  liver  constitutes  its  peritoneal 
investment. 

In  the  meantime  changes  have  been  taking  place  in  the 
upper  layer.  As  the  rotation  of  the  heart  occurs,  so  that 
its  atrial  portion  comes  to  lie  anterior  to  the  ventricle, 
the  Cuvierian  ducts  are  drawn  away  from  llie  sepfuni  and 
penetrate  the  posterior  wall  of  the  pericardium,  the  sepa- 
ration licing  assisted  by  the  continued  descent  of  the  at- 
tachment of  the  edge  of  the  septum  to  the  ventral  wall  of 
tlie  body.  During  the  descent,  when  the  upper  layer  of 
the  septum  has  reached  the  level  of  the  fourth  cervical  seg- 
ment, portions  of  the  myotomes  of  that  seginent  become 
prolonged  into  it  and  the  layer  assumes  the  characteristics 
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of  the  dia/' lira  gill,  the  supply  of  whose  musculature  from 
the  fourth  cervical  nerves  is  thus  explained. 

The  Pleura: — The  diaphragm  is  as  yet,  however,  incom- 
plete dorsally,  where  the  dorsal  parietal  recesses  are  still  in 
continuity  with  the  trunk-cavity.  With  the  increase  in 
thickness  of  the  septum  transversum,  these  recesses  have 
acquired  a  considerable  length  antero-posteriorly,  and  into 
their  upper  portions  the  outgrowths  from  the  lower  part 
of  the  pharynx  which  f<irm  the  Umgs  (see  page  353) 
begin  to  project.  The  recesses  thus  become  transformed 
into  the  pleural  cavities,  and  as  the  diaphragm  continues 
to  descend,  slipping  down  the  ventral  wall  of  the  body  and 
drawing  with  it  the  pericardial  cavity,  the  latter  comes  to 
He  entirely  ventral  to  the  pleural  cavities,  Tlie  free  borders 
of  the  diaphragm,  which  now  form  the  ventral  boundaries 
of  the  openings  by  which  the  pleural  and  peritoneal  cavities 
communicate,  begin  to  approach  the  dorsal  wall  of  the  body, 
with  which  they  finally  unite  and  so  complete  the  separation 
of  the  cavities.  The  pleural  cavities  continue  to  enlarge 
after  their  separation  and,  extending  laterally,  pass  between 
the  pericardium  and  the  lateral  walls  of  the  body  until  they 
finally  almost  completely  surroimd  the  pericardium.  The 
intervals  between  the  Iwo  pleura;  form  what  are  termed  the 
ttu'diastina. 

The  downward  movement  of  the  septum  transversum 
extends  through  a  very  considerable  interval,  which  may 
be  appreciated  from  the  diagram  shown  in  Fig.  190.  From 
this  if  may  be  seen  that  in  early  embryos  the  septum  is  situ- 
ated just  in  front  of  the  first  cervical  segment  and  that  it 
lies  very  oblicjuelv,  its  free  edge  being  decidedly  posterior 
to  its  ventral  attachment.  When  the  downward  displace- 
ment occurs,  the  ventral  edge  at  first  moves  more  rapidly 
than  the  dorsal,  and  soon  comes  to  lie  at  a  much  lower  level. 
The  backward  movement  continues  throughout  the  entire 
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length  of  the  cervical  and  thoracic  regions,  and  when  the 
level  of  the  tenth  thoracic  segment  is  reached  the  separation 
of  the  pleura!  and  peritoneal  cavities  is  completed,  and  then 
the  dorsal  edge  begins  to  descend  more  rapidly  than  the 
ventral,  so  that  the  diaphragm  again  becomes  obliqne  in  the 
same  sense  as  in  the  beginning, 
a  position  which  it  retains  in 
the  adult. 

The  Development  of  ihc 
Peritoneum.  — The  peritoneal 
cavity  is  developed  from  the 
trunk -cavity  of  early  stages 
and  is  at  first  in  free  commu- 
nication on  all  sides  of  the 
yolk-stalk  with  the  extra-em- 
bryonic ccelom.  As  the  ven- 
tral wall  of  the  body  develops 
tlie  two  cavities  become  more 
and  more  separated,  and  with 
the  formation  of  the  umbili- 
cal cord  the  separation  is  com- 
plete. Along  the  mid-dorsal 
line  of  the  body  the  archenteron 
forms  a  projection  into  the 
cavity  and  later  moves  further 
out  from  the  body-wall  into 
the  cavity,  pushing  in  front  of  it  the  peritoneum,  which 
thus  comes  to  surround  the  intestine,  forming  its  serous 
coat,  and  from  it  is  continued  Ixick  to  the  dorsal  body-wall 
forming  the  mesentery. 

It  has  already  been  seen  that  on  the  separation  of  the 
liver  from  the  septum  transversum,  the  tissue  of  the  latter 
gives  rise  to  the  peritoneal  covering  of  the  liver  and  of  the 
posterior  surface  of  the  diaphragm,  and  also  to  the  ventral 


Fig,  igo. — Diagram  siiowin 
THE  Position  oi"  the  Di; 
FHRACtf  IN  Embkyos  of  DlJ 
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mesentery.  When  the  separation  is  taking-  place,  llie  rota- 
tion of  the  stomach  already  described  (p.  319)  occurs. 
with  the  result  that  the  portion  of  the  ventral  mesentery 
which  stretches  between  the  lesser  curvature  of  the  stomach 
and  the  liver  shares  in  the  rotation  and  comes  to  lie  in  a 
plane  practically  at  right  angles  with  that  of  the  suspensory  , 
ligament,  its  surfaces  looking  dorsally  and  ventrally  and  its 
free  edge  being  directed  toward  the  right.  This  portion 
of  the  ventral  mesentery  forms  what  is  termed  the  lesser 
omentum,  and  between  it  and  the  dorsal  surface  of  the 
stomach  as  the  ventral  boundaries,  and  the  dorsal  wall  of 
the  abiJominal  cavity  dorsally,  there  is  a  cavity,  whose  floor 
is  formed  by  the  dorsal  mesentery  of  the  stomach,  the  meso- 
gaslrium,  the  roof  by  the  under  surface  of  the  left  half  of 
the  liver,  while  to  the  right  it  communicates  with  the  gen- 
eral peritoneal  cavity  dorsal  to  the  free  edge  of  the  lesser 
omentum.  This  cavity  is  known  as  the  bursa  omentalis 
(lesser  sac  of  the  peritoneum),  and  the  opening  into  it  from 
the  general  cavity  or  greater  sac  is  termed  the  epiploic  fora- 
men (foramen  of  Winslow).  Later,  the  floor  of  the  lesser 
sac  is  drawn  downward  to  form  a  broad  sheet  of  peritoneum 
lying  ventral  to  the  coils  of  the  small  intestine  and  consist- 
ing of  four  layers;  this  represents  the  great  omentum  of 
adult  anatomy  (Fig.  194). 

Although  the  form  assumed  by  the  bursa  omentalis  is  j 
associated  with  the  rotation  of  the  stomach,  it  seems  prob- 
able that  its  real  origin  is  independent  of  that  process  (Bro- 
man).  The  subserous  tissue  of  the  transverse  septum  is  at 
first  thick  and  includes  not  only  the  liver,  but  also  the  pan- 
creas and  the  portion  of  the  digestive  tract  which  becomes 
the  stomach  and  the  upjier  part  of  the  duodenum  (Fig. 
189,  A).  The  shrinkage  of  this  tissue  by  which  these 
organs  become  separated  from  the  septum  cannot  lake  place 
evenly  on  account  of  the  relations  which  the  organs  bear 
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to  one  another,  so  that  on  the  right  side  certain  peritoneal 
recesses  are  formed,  one  between  the  right  lung  and  the 
stomach,  a  second  between  the  liver  and  the  stomach,  and 
a  third  between  the  pancreas  and  the  same  structure.  In 
man  these  three  recesses  communicate  with  one  another  to 
form  the  primary  bursa  omentalis,  and  open  by  a  common 
epiploic  foramen  into  the  general  peritoneal  cavity.  The 
rotation  of  the  stomach,  which  takes  place  later,  merely 
serves  to  modify  and  intensify  the  original  bursa. 

In  the  human  embryo  a  small  recess  also  forms  upon  the 
left  side  between  the  left  lung  and  the  stomach,  but  it  later 
becomes  obliterated. 

Below  the  level  of  the  upper  part  of  the  duodenum  the 
ventral  mesentery  is  wanting; 
only  the  dorsal  mesentery  occurs. 
So  long  as  the  intestine  is  a 
straight  tube  the  length  of  the 
intestinal  edge  of  this  mesentery 
is  practically  equal  to  that  of  its 
dorsal  attached  edge.  The  intes- 
tine, however,  increasing  in  length 
much  more  rapidly  than  the  ab- 
dominal walls,  the  intestinal  edf^e 
of  the  mesentery  soon  becomes 
very  much  longer  than  tlie  attached 
edge,  and  when  the  intestine  grows  Fk 
out  into  the  umbilical  ctclom  the 
mesentery  accompanies  it  (Fig. 
191).  As  the  coils  of  the  intestine 
develop,  the  intestinal  edge  of  the 
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ponding  folds,  and  on  the  return 

of  the  intestine  to  the  abdominal  cavity  the  mesentery  is 

thrown  into  a  somewhat  funnel-like  form  by  the  twisting  of 
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the  intesiiue  to  form  its  primary  loop  (Fig-  '9-)-  All  that 
portion  of  the  mesentery  which  is  attached  to  the  part  of 
the  intestine  which  will  later  become  the  jejunum,  ileum, 
ascending"  and  transverse  colon,  is  attached  to  the  body- 
wall  at  the  apex  of  the  funnel,  at  a  point  which  lies  to  the 
left  of  the  duodenum. 

Up  to  this  stage  or  to  about  the  middle  of  the  fourth 
month  the  mesentery  has  retained  its  attachment  to  the 
median  line  of  the  dorsal  wall  of  the  abdomen  throughout 
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its  entire  length,  but  later  fusions  of  certain  portions 
occur,  whereby  the  original  conditioli  is  greatly  modified. 
One  of  the  earliest  of  these  fusions  takes  place  at  the  apex 
of  the  funnel,  where  the  portion  of  the  mesentery  which 
passes  to  the  transverse  colon  and  arches  over  the  duode- 
num fuses  with  the  ventral  snrface  of  the  latter  portion  of 
the  intestine  and  also  with  the  peritoneum  covering  the 
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dorsal  wall  of  the  alxloiiien  both  to  the  right  and  to  the 
left  of  the  duodemini.  In  this  way  the  attachment  of  the 
transverse  mesocolon  takes  the  form  of  a  transverse  line 
instead  of  a  point,  and  this  portion  of  the  mesentery  divides 
the  abdominal  cavity  into  two  portions,  the  upper  (ante- 
rior) of  which  contains  the  liver  and  stomach,  while  the 
lower  contains  the  remainder  of  the  digestive  tract  with 
the  exception  of  the  duodenum.  By  passing  across  the 
ventral  surface  of  the  duodenum  and  fusing  with  it,  the 


transverse  mesocolon  forces  that  portion  of  the  intestine 
against  the  dorsal  wall  of  the  abdomen  and  fixes  it  in  that 
position,  and  its  mesentery  thereuiion  degenerates,  becom- 
ing subserous  areolar  tissue,  the  duodenum  assuming  the 
retroperitoneal  position  which  characterizes  it  in  the  adult. 
The  descending  colon,  which  on  account  of  the  width 
of  its  mesentery  is  at  first  freely  movable,  lies  well  over  to 
the  left  side  of  the  abdominal  cavity,  and  in  consequence 
the  left  layer  of  its  mesentery  lies  in  contact  with  the 
parietal  layer  of  the  peritoneum.  A  fusion  of  these  two 
layers,  beginning  near  the  middle  line  and  thence  extend- 
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ing  outward,  takes  place,  the  fused  layers  becoming  con- 
verted into  connective  tissue,  and  this  portion  of  the  colon 
thus  loses  its  mesentery  and  becomes  fixed  to  the  abdominal 
wall.  The  process  by  which  the  fixation  is  accomplished 
may  be  understood  from  the  diagrams  which  constitute 
Fig.  193.  When  the  ascending  colon  is  formed,  its  mesen- 
tery undergoes  a  similar  fusion,  and  it  also  becomes  fixed 
to  the  abdominal  wall. 

The  fusion  of  the  mesentery  of  the  ascending  and  descend- 
ing colon  remains  incomplete  in  a  considerable  number  of  cases 
(one  fourth  to  one  third  of  all  cases  examined),  and  in  these 
the  colons  are  not  perfectly  fixed  to  the  abdominal  wall.  It 
may  also  be  pointed  out  that  the  cxcum  and  appendix,  being 
primarily  a  lateral  outpouching  of  the  intestine,  do  not  possess 
any  true  mesentery,  but  are  completely  enclosed  by  peritoneum. 
Usually  a  falciform  fold  of  peritoneum  may  be  found  extend- 
ing along  one  surface  of  the  appendix  to  become  continuous 
with  the  left  layer  of  the  mesentery  of  the  ileum.  This,  how- 
ever, is  not  a  true  mesentery,  and  is  better  spoken  of  as  a 
mesenteriole. 

One  other  fusion  is  still  necessary  before  the  adult  condi- 
tion of  the  mesentery  is  acquired.  The  great  omentum 
consists  of  two  folds  of  peritoneum  which  start  from  the 
greater  curvature  of  the  stomach  and  pass  downward  to 
be  reflected  up  again  to  the  dorsal  wall  of  the  abdomen, 
which  they  reach  just  anterior  to  (above)  the  tine  of  attach- 
ment of  the  transverse  mesocolon  (Fig.  194,  A).  At  first 
the  attachment  of  the  omentum  is  vertical,  since  it  repre- 
sents the  mesogastrium,  but  later,  by  fusion  witli  tlie  parietal 
peritoneum,  it  assumes  a  transverse  direction,  while  at  the 
same  time  the  pancreas,  which  originally  lay  between  the 
two  folds  of  the  mesogastrium,  is  carried  dorsally  and 
comes  to  have  a  retroperitoneal  position  in  the  line  of  at- 
tachment of  the  omentum.  By  this  change  the  lower  layer 
of  the  omentum  is  brought  in  contact  with  the  upper  layer 
of  the  transverse  mesocolon  and  a  fusion  and  degeneration 
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of  the  two  results  (Fig.  194,  B),  a  condition  which  brings 
it  about  that  the  omentum  seems  to  be  attached  to  the  trans- 
verse colon  and  that  the  pancreas  seems  to  lie  in  the  line  of 
attachment  of  the  transverse  mesocolon.  This  mesentery, 
as  it  occurs  in  the  atlult,  really  consists  partly  of  a  (jortion 
of  the  original  transverse  niesocolun  and  partly  of  a  layer 
of  the  great  omentum. 

By  these  varicnis  changes  the  line  of  altachnient  nf  the 


Fig.  194.— Diagrams  showing  the  Devewpment  of  the  Gkeat  Omen- 
tum AND  ITS  Fusion  with  the  Transverse  Mesocolon, 
B,  Bladder;  c,  Iranversc  colon;  d.  duodenum;  Li.  liver;  p,  pancreas; 
R,  reclum;  S,  stomach;   U,  ix\enis.~{After  Allen  Thomson.) 

mesentery  to  the  dorsal  wall  of  the  body  lias  become  some- 
what complicated  and  has  departed  to  a  very  considerable 
extent  from  its  original  simple  vertical  arrangement, 
all  the  viscera  be  removed  from  the  bo<iy  of  an  adult  a 
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tlie  mesentery  be  cut  close  to  the  line  of  its  attachment, 
the  course  of  the  latter  will  be  seen  to  be  as  follows:  De- 
scending from  the  under  surface  of  the  diaphrag^n  are  the 
lines  of  attachment  of  the  suspensory  ligament,  which  on 
reaching  the  liver  spread  out  to  become  the  coronary  and 
lateral  ligaments  of  that  organ.  At  about  the  mid-dorsal 
line  these  lines  become  continuous  with  those  of  the  meso- 
gastrium  which  curve  downward  toward  the  left  and  are 
continued  into  the  transverse  lines  of  the  transverse  meso- 
colon. Between  these  last,  in  a  slight  prolongation,  there 
may  be  seen  to  the  right  the  cut  end  of  the  first  portion 
of  the  duodenum  as  it  passes  back  to  the  dorsal  wall  of  the 
alidomen,  and  at  about  the  mid-dorsal  line  the  cut  ends  of 
its  last  part  become  visible  as  it  passes  ventrally  again  to 
become  the  jejunum.  From  the  transverse  mesocolon 
three  lines  of  attachment  pass  downward;  the  two  lateral 
broad  ones  represent  the  lines  of  fixation  of  the  ascending 
and  descending  colons,  while  the  narrower  median  one, 
which  curves  to  the  right,  represents  the  attachment  of  the 
mesentery  of  the  small  intestine  other  than  ihe  duodenum. 
Finally,  from  the  lower  end  of  the  fixation  line  of  the 
descending  colon  the  mesentery  of  the  sigmoid  is  continued 
downward. 

The  special  developments  of  the  peritoneum  in  connec- 
tion with  the  genitourinary  apparatus  will  be  considered 
in  Chapter  XIII. 
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CHAPTER    XII. 


THE    DEVELOPMENT   OF   THE   ORGANS   OF 
RESPIRATION. 

The  Development  of  the  Lungs. — Tlie  first  indication 
of  tlie  lungs  and  trachea  is  found  in  embryos  of  about  32 
mtn.  in  the  form  of  a  groove  on  the  ventral  surface  of  the 
oesophagus,  at  first  extending  almost  the  entire  length  of 
that  portion  of  the  digestive  tract.  As  the  cesophagus 
lengthens  the  lung  groove  remains  connected  with  its  upper 
portion  ( Fig.  1 75,  A ) , 
and  furrows  which  appear 
ainng  the  line  of  junction 
of  the  groove  and  the  ceso- 
phagus gradually  deepen 
and  separate  the  two  struc- 
tures {Fig.  17s,  B).  The 
separation  takes  place  earli- 
est at  the  lower  end  of  the 
groove  and  thence  extends 
upward,  so  that  the  groove 
transformed  into  a  cylin- 
drical pouch  lying  ventral 
t(»  the  resopliagus  and  dor- 
sal to  the  heart  and  open- 
ing with  the  oesophagus 
into  the  terminal  portion  of  the  pharynx. 

Soon  after  the  separation  of  the  groove  from  the  cesoph- 
agus its  lower  end  lieconies  enlarged  and  bilobed,  and  since  ' 
this  tf)wer  end  lies,  with  the  (esophagus,  in  the  median 
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attached  portion  of  the  dorsal  edge  of  the  septum  transver- 
sum,  the  lobes,  as  they  enlarge,  project  into  the  dorsal 
parietal  recesses  (Fig.  195),  and  so  become  enclosed  within 
the  peritoneal  hning  of  the  recesses  which  later  become  the 
pleural  cavities. 

The  lobes,  which  represent  the  Itings,  do  not  long  remain 
simple,  but  bud-like  processes  arise  from  their  cavities,  three 
appearing  in  the  right  lobe  and  two  in  the  left   ( iMg,   H/i. 
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A),  arid  as  these  increase  in  size  and  give  rise  to  additional 
outgrowths,  the  structure  of  the  lol>es  rapidly  becctnies  com- 
plicated (Fig.  196.  B  and  C). 

The  lower  primary  process  on  each  side  may  I>e  regarded 
as  a  prolongation  of  the  bronchus,  while  the  remaining 
process  or  processes  represent  lateral  outgrowths  from  it. 
Considerable  difference  of  opinion  has  existed  as  to  the 
nature  of  the  further  branching  of  the  bronchi,  some  authors 
regarding  it  as  a  succession  of  dichotomies,  one  branch  of 
each  of  these  placing  itself  so  as  to  be  in  the  line  of  the 
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original  main  bronchus,  while  the  other  comes  to  resemble 
a  lateral  outgrowth,  and  other  observers  have  held  that 
the  main  bronchus  has  an  uninterrupted  growth,  all  other 
branches  being  lateral  outgrowths  from  it,  and  the  branch- 
ing therefore  a  monopodial  process.  The  recent  thorough 
study  by  Flint  of  the  development  of  the  lung  of  the  pig 
shows  that,  in  that  form  at  least,  the  branching  is  a  mono- 
podia! one,  and  that  from  the  main  bronchns  as  it  elongates 
four  sets  of  secondary  outgrowths  develop,  namely,  a  strong 
lateral,  a  dorsal,  a  ventral,  and  a  weak  and  variable  medial 


There  is  a  general  tendency  for  the  individual  branches 
of  the  various  sets  to  be  arranged  in  regular  succession  and 
for  their  development  to  be  symmetrica!  in  the  two  lungs. 
But  on  account  of  the  necessity  under  which  the  hings  are 
placed  of  adapting  themselves  to  the  neighboring  structures 
and  at  the  same  time  affording  a  respiratory  surface  as  large 
as  possible,  an  amount  of  asymmetry  supervenes.  Thus,  it 
has  already  been  noted  that  in  the  earliest  branching  a 
single  lateral  bronchus  is  formed  in  the  left  lung  and  two 
in  the  right.  The  uppermost  of  these  latter,  the  first  lateral 
bronchus,  is  unrepresented  in  the  left  lung,  and  is  peculiar 
in  that  it  lies  behind  the  right  pulmonary  artery  (Fig.  196, 
C),  or  in  the  adult,  after  the  recession  of  the  heart,  above  it, 
whence  it  is  termed  the  cparlfrial  bronchus.  Its  absence  on 
the  left  side  is  perhaps  due  to  its  suppression  to  permit  the 
normal  recession  of  the  aortic  arch  (Flint). 

So,  too,  the  incHnation  of  the  heart  causes  a  suppression 
of  the  second  ventral  bronchus  in  the  left  lung,  but  at  the 
same  time  it  affords  opportunity  for  an  excessive  develop- 
ment of  the  corresponding  bronchus  of  the  right  lung,  which 
pushes  its  way  between  the  heart  and  the  diaphragm  and  , 
is  known  as  the  infra-cardiac  bronchus. 

As  soon  as  the  unpaired  first  lateral  bronchus  and  the 
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paired  second  lateral  bronchi  are  formed  mesenchyme  begins 
to  collect  around  each  of  them  and  also  around  the  main 
bronchi,  the  lobes  of  the  adult  lung,  three  in  the  right  lung 
and  two  in  the  left,  being  thus  outlined.  A  development  of 
mesenchyme  also  takes  place  around  the  excessively  devel- 
oped right  second  ventral  bronchus,  and  sometimes  produces 
a  well-marked  infra-cardiac  lobe  in  the  right  lung. 

In  later  stages  the  various  bronchi  of  each  lobe  give  rise 
to  additional  branches  and  these 
again  to  others,  and  the  mesen- 
chyme of  each  lobe  grows  in 
between  the  various  branches. 
At  first  the  amount  of  mesen- 
chyme separating  the  branches  is 
comparatively  great,  but  as  the 
branches  continue,  the  growth  of 
the  mesenchyme  fails  to  keep 
pace  with  it,  so  that  in  later  stages 
the  terminal  enlargements  are 
separated  from  one  another  by 
only  very  thin  partitions  of  mes- 
enchyme, in  which  the  pulmonary 
vessels  form  a  dense  network. 
The  final  branchings  of  each  ulti- 
mate bronchus  or  bronchiole  re- 
sults in  the  formation  at  its  ex- 
tremity of  from  three  to  five 
enlargements,  the  atria  (Fig.  197, 
A),  from  which  arise  a  number  of  air-sacs  (S)  whose  walls 
are  pouched  out  into  slight  diverticula,  the  air-cells  or  alveoli. 
Such  a  combination  of  atria,  air-sacs,  and  air-cells  consti- 
tutes a  lobule,  and  each  lung  is  composed  of  a  large  number 
of  such  units. 

The  greater  part  of  the  original  pulmonary  groove  be- 


FiG.  197. — Diagram  of  the 
Final  Branches  of  the 
Mammalian   Bronchi. 

A,  Atrium;  B,  bronchus;  S, 
air-sac. — (Miller. ) 
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comes  converted  into  the  trachea,  and  in  the  mesenchyme  ■ 
surrounding  it  the  incomplete  cartilaginous  rings  develop  at 
about  the  eighth  or  ninth  week.  The  cells  of  the  epithelial 
hning  of  the  trachea  and  bronchi  remain  columnar  or  cubi- 
cal in  form  and  become  ciliated  at  about  the  fourth  month, 
but  those  of  the  epithelium  of  the  air-sacs  become  greatly 
flattened  and  conslitute  an  exceedingly  thin  layer  of  pave- 
ment epithelium. 

The  Development  of  the  Larynx.— The  opening  of  the 
upper  end  of  the  pulmonary  groove  into  the  pharynx  is 
situated  at   first  just  behind  the   fourth  branchial   furrow 
anil  is  suTRiunded  anteriorly  and  laterally  by  the  fl-shapcd 
ridge    already    described 
(p.    312)    as   the   f urcula, 
this  separating  it  from  the 
posterior    portion    of    the 
tongue  (Fig.   171).     The 
anterior    portion    of     this 
ridge,  which  is  apparently 
derived    from    the    ventral 
portions  of  the  third  bran- 
chial   arch,    gradually    in- 
creases in  height  and  forms 

-Rm,»s™cr.0N    or   ,„   ""     '/">'""«.     while     ths 
G  INTO  THE  Lakvnx  im  AN  lateral  portions,  which  pass 
i:.iai>Hiu  fiF  Twenty-eight   Days.  ^     .     .       ■   ^      .. 

Seen    from    Behinl.    anp.    Above,    posteriorly    mto    the    m, 
theDotsalWau.ofthePha«yn3C    mns     of     the     pulmonary 
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CO.    Comicular.    and    ch.    cunEiform    groove,    form    the    flfV.'/Jt- 
tiiberde;  £/.,epigloltis;7-,  unpaired    p/(,//|c     folds.      When     the' 
podion  of  the  longue.— (KoWiiw)    "  ' 

pulmonary     groove     sepa- 
rates from  the  (esophagus,  the  opening  of  the  trachea  into  1 
the  pharynx  is  somewhat  slit-like  and  is  bounded  laterally  , 
by  the  aryepiglottic  folds,  whose  margins  present  two  ele- 
;  which  may  be  termed  the  cornicular  and  cuneiform 
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tuljercles  (Fig.  198,  co  and  ck,  and  Fig,  168).  The  open- 
ing is,  however,  for  a  time,  almost  obUterated  by  a  thick- 
ening of  the  epithelium  covering  the  ridges,  and  it  is  not 
until  the  tenth  or  eleventh  week  of  development  that  it  is 
re-established.  Later  than  this,  at  the  middle  of  the  fonrtll 
month,  a  linear  depression  makes  its  appearance  on  the 
mesial  wall  of  each  arytenoid  ridge,  forming  the  Iteginning 
of  the  ventricle,  and  although  at  first  the  depression  lies 
horizontally  its  lateral  edge  later  bends  anteriorly,  so  that 
its  surfaces  look  outwards  anil  inwards.     The  lips  which 


FiO.  199.— Recokstructios  of  the  Mesenchyme  Conbensations  which 

Represent  the  Hvoiii  and  Thyreoid  Cartilages  jn  an  Embryo 

OF  Forty  Days. 
The   darkly   shaded   areas   reprcscnl   centers   of  chondrifiealion.     c.ma. 

Greater  corn  11  of  hyciid;  c.mi,  leaser  coniii;  Th.  tliyreoid  cartilage. 

^(Kaltius.) 


bound  the  opening  of  the  ventricle  into  the  laryngeal  cavity 
give  rise  to  the  zriitriailar  and  vocal  folds. 

Tile  cartilages  of  the  larynx  can  be  distinguished  during 
the  seventh  week  as  condensations  of  mesenchyme  which 
are  but  indistinctly  separated  from  one  another.  The  lh\- 
rcoid  cartilage  is  represented  at  this  stage  by  two  lateral 
plates  of  mesenchyme,  separated  from  one  another  both 
ventrally  and  dorsally,  and  each  of  these  plates  undergoes 
chondrification  from  two  separate  centers  (Fig,  199).  These, 
as  they  increase  in  size,  unite  together  and  send  prolonga- 
tions ventrally  which  meet  in  the  mid-ventral  line  with  t 
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corresponding  prolongations  of  the  plates  of  the  opposite 
side,  so  as  to  enclose  an  area  of  mesenchyme  into  which  the 
chondrification  only  extends  at  a  later  period,  and  occasion- 
ally fails  to  so  extend,  producing  what  is  termed  a  foramen 
thyreoideum. 

The  mesenchymal  condensations  which  represent  the  cri- 
coid and  arytenoid  cartilages  are  continuous,  but  each  aryte- 
noid has  a  distinct  center  of  chondrification.  while  the  car- 
tilage of  the  cricoid  appears  as  a  single  ring  which  is  at  first 
open  dorsally  and  only  later  becomes  complete.  The  epi- 
glottis cartilage  resembles  the  thyreoid  in  being  fonned  by 
the  fusion  of  two  originally  distinct  cartilages,  from  each  of 
which  a  portion  separates  to  form  the  cuneiform  cartilages 
(cartilages  of  IVrtsbcrg),  while  the  corniculate  cartilages 
(cartilages  of  Santorini)  are  formed  by  the  separation  of  a 
small  portion  of  cartilage  from  each  arytenoid. 

The  formation  of  the  thyreoid  cartilage  by  the  fusion  of 
two  pairs  of  lateral  elements  finds  an  explanation  from  the 
study  of  the  comparative  anatomy  of  the  larynx.  In  the 
lowest  group  of  the  mammalia,  the  Monotremata,  the  four 
cartilages  do  not  fuse  together  and  are  very  evidently  serially 
homologous  with  the  cartilages  which  form  the  comua  of 
the  hyoid.  In  other  words,  the  thyreoid  results  from  the 
fusion  of  the  fourth  and  fifth  branchial  cartilages.  The 
cricoid,  in  its  development,  presents  such  striking  similari- 
ties to  the  cartilaginous  rings  of  the  trachea  that  it  is  prob- 
ably to  be  regarded  as  the  uppermost  cartilage  of  that  series, 
but  the  epiglottis  seems  to  lie  a  secondary  chondrification  in 
the  glosso-laryngeal  fold  (Schaffer).  The  arytenoids  jios- 
sibly  represent  an  additional  pair  of  branchial  cartilages, 
such  as  occur  in  the  lower  vertebrates  (Gegenbaur). 

These  last  arches  have  undergone  almost  complete  re- 
duction in  the  mammalia,  the  cartilages  being  their  only 
representatives,  but,  in  addition  to  the  cartilages,  the  fourth 
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and  fifth  arches  have  also  preserved  a  portion  of  their  mus- 
culature, part  of  which  becomes  transformed  into  the  mus- 
cles of  the  larynx.  Since  the  nerve  which  corresponds  to 
these  arches  is  the  vagus,  the  supply  of  the  larynx  is  derived 
from  that  nerve,  the  superior  laryngeal  nerve  probably  cor- 
responding to  the  fourth  arch,  while  the  inferior  (recurrent) 
answers  to  the  fifth. 

The  course  of  the  recurrent  nerve  finds  its  explanation  in 
the  relation  of  the  nerve  to  the  fourth  branchial  artery.  When 
the  heart  occupies  its  primary  position  ventral  to  the  floor  of 
the  pharynx,  the  inferior  laryngeal  nerve  passes  transversely 
inward  to  the  larynx  beneath  the  fourth  branchial  artery.  As 
the  heart  recedes  the  nerve  is  caught  by  the  vessel  and  is  car- 
ried back  with  it,  the  portion  of  the  vagus  between  it  and  the 
superior  laryngeal  nerve  elongating  until  the  origins  of  the  two 
laryngeal  nerves  are  separated  by  the  entire  length  of  the  neck. 
Hence  it  is  that  the  right  recurrent  nerve  bends  u])ward  behind 
the  right  subclavian  artery,  while  the  left  curves  beneath  the 
arch  of  the  aorta  (see  Fig.  143). 

LITERATURE. 

J.  M.  Flint:  "The  Development  of  the  Lungs."  Amer.  Jount.  Anat., 

VI,  1906. 
E.  Goppert:    "Ueber    die    Herknnft    der    Wrisbergschen    Knorpels," 

Morphol.  Jahrbuch,  xxi,  1894. 
W.  His  :  "  Zur  Bildungsgeschichte  der  Liingcn  beim  menschlichen  Em- 
bryo," Archiv  fiir  Anat.  und  Physiol.,  Anat.  Abth,,  1887. 
E.  Kallius  :  **  Beitriige  zur  Entwickelungsgeschichte  des  Kehlkopfes," 

Anat.  Hcfte,  ix,  1897. 
E.  Kallius:  "Die  Entwickclung  des  menschlichen  Kehlkopfes,"  ]^er- 

handl.  der  Anat.  Gesellsch.,  xii,  1898. 
A.  Narath  :  "  Der  Bronchialbaum  der  Saugethiere  und  des  Menschen," 

Bihliotheca  Medica,  Abth,  A,  Heft  3,  1901. 
J.  Schaffer:  "Zur  Histologie  Hislogenese  und  phylogenctischcn  Bc- 

deutung  der  Epiglottis,"  Anat.  Hcfte,  xxxiii.  1907. 


CHAPTER  XII  [- 

THE    DEVELOPMENT    OF    THE    URINOGENITAL 
SYSTEM. 

The  excretory  and  reproductive  systems  of  organs  are 
so  closely  related  in  their  development  that  they  must  be 
considered  together,  'lliey  both  owe  their  origin  to  the 
mesoderm  which  constitutes  the  intenne<]iate  cell-mass 
{p.  104),  this,  at  an  early  period  of  development,  Iiecom- 
ing  thickened  so  as  to   form  a  ridge  projecting  into  the 


F;o,  200.— Than s VERSE  SetTio.N 


NAL  Region  or 


,  Aorla;  gl.,  B'o"'*rii1i 
chord ;  I.  lubnle  of 
ridgc.^ —  ( Milialkt 


■=.) 


dorsal  portion  of  the  crelom  and  forming  what  is  known 
as  the  IVolffiaH  ridge  (Fig.  200,  wr).  The  greater  portion 
of  the  substance  of  this  ridge  is  concerned  in  the  develop- 
ment of  the  primary  and  secondary  excretory  organs,  but 
on  its  mesial  surface  a  second  ridge  appeal^  which  is  des- 
tined to  give  rise  to  the  ovary  or  testis,  and  hence  is  termed 
the  genital  ridge  (gr). 
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The  development  of  the  excretory  organs  is  remarkable 
in  that  three  sets  of  organs  appear  in  succession.  The 
first  of  these,  the  pronephros,  exists  in  a  very  rudimentary 
condition  in  the  human  embryo,  although  its  duct,  the 
pranephric  or  Wolffian  duct,  undergoes  complete  develop- 
ment and  plays  an  important  part  in  the  development  of 
the  succeeding  organs  of  excretion  and  also  in  that  of  the 
reproductive  organs.  The  second  set,  the  mcsoncphros  or 
Wolffian  body,  reaches  a  considerable  development  during 
enibrj'onic  life,  but  later,  on  the  development  of  the  final 
set,  the  definite  kidney  or  metanephros,  undergoes  degen- 
eration, portions  only  persisting  as  rudimentary  structures 
associated  for  the  most  part  with  the  reproductive  organs. 

The  Development  of  the  Pronephros  and  the  Pro- 
nephric  Duct.— The  first  portions  of  the  excretory  system 
to  make  their  appearance  are  the  prunephric  or  Wolffian 
ducts,  and  these  develop  as  thickenings  of  the  lateral  parts 
of  the  intermediate  cell-masses.  At  first  the  thickenings 
form  solid  cords  of  cells  (Fig.  201,  u-d),  but  later  a  lumen 
appears  in  the  center  of  each  cord,  which  thus  becomes 
converted  into  a  canal.  In  early  stages  the  cords,  toward 
their  posterior  ends,  may  undergo  a  secondary  fusion  with 
the  immediately  overlying  ectoderm  (Martin)  and  may 
thereby  present  the  appearance  of  having  arisen  from  that 
layer,  but  when  fully  developed  the  ducts  lie  in  the  sub- 
stance of  the  Wolffian  ridges  (Fig.  200,  wd),  their  anterior 
ends  being  situated  well  forward  in  the  region  occupied  by 
the  heart,  whence  they  extend  backward  to  open  on  the 
ventral  part  of  the  lateral  walls  of  the  cloaca  (Fig.  163). 

The  pronephros  has  been  observed  in  embryos  of  about 
3  mm.  as  two  tubular  invaginations  of  the  culomic  epi- 
thelium into  the  substance  of  each  Wolffian  ridge,  in  the 
region  in  which  the  anterior  end  of  the  Wolffian  duct  is 
found  (Janhosik).     The  tubules  do  not  proceed  to  com- 
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plete  development,  making;  no  connection  with  the  duct,  and 
indeed  the  anterior  one  hardly  deserves  to  be  termed  a 
tnbule,  since  it  is  a  solid  cord  of  cells,  continuous  at  one 
extremity  with  the  ccclomic  epithelium.  The  posterior  one 
is,  however,  a  hollow  tubule  ending  blindly  at  one  extrem- 
ity, while  at  the  other  it  communicates  with  the  ccelomic 
cavity,  the  opening  t)cing  termed  a  tiephrostome.  Oppo- 
site these  rudimentary  tubules  there  arises  from  the  root 
of  the  mesentery  a  process  which  projects  freely  into  the 
crelom  toward  the  Tiephrostomes.     This  probably  represents 


RoucB    Chick    Cmbhvo  of  about 

,  Emloderm:  im,  interniediaie  cell  mass;  mi.  mesodemiic  somile; 
»c,  nolochord;  10,  somalic,  and  ip,  splanchnic  nifsoderm :  wd. 
Wolffian  duct.— {(faWsytf.) 


a  rudimentary  free  glomerulus,  into  which  branches  from 
the  afirta  may  project. 

Structures  which  are  probably  to  be  identified  as  pro- 
nephric  tubules  have  been  observed  in  older  embryos  up  to 
20  mm.  (Tandler).  situated  at  the  sides  of  the  aorta  from 
about  the  seventh  to  the  eleventh  segments.  They  present, 
however,  signs  of  degeneration,  having,  for  instance,  no 
connection  with  the  ccelomic  epithelium  in  older  embryos, 
and  it  seems  probable  that  they  later  disappear  completely. 

A  similar  but  more  perfectly  developed  pronephros  has  been 
described  in  other  mammals,  such  as  the  rabbit  and  rat,  and  is 
of  constant  occurrence  in  all  the  lower  vertebrates.  In  these 
the  pronephric  tubnles,  which  may  be  six  (in  the  taniprcy)  or 
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more  in  number  on  each  side,  are  primarily  arranged  seginent- 
ally,  and  open  by  one  extremity  into  the  anterior  portion  of  the 
Wolffian  duct  and  by  the  other  into  the  ctEloniic  cavity,  and, 
furthermore,  eacli  tubule  has  corresponding  to  it  a  glomerulus 
which  lies  freely  in  the  ccelomic  cavity  in  the  vicinity  of  the 
nephrostome.  By  these  free  glomeruli  and  by  the  possession 
of  nephrostomes  the  tubules  of  the  pronephros  are  distin- 
guished from  those  of  the  mesonephros  in  the  higher  verte- 
brates, and  since  both  these  peculiarities  are  represented  in  the 
two  pairs  of  tubules  described  above  as  occurring  in  the  3  mm. 
human  embryo,  there  seems  to  be  little  room  for  doubt  but 
that  they  are  representatives  of  a  rudimentary  pronephros. 

It  has  been  very  generally  supposed  that  the  tubules  of  the 
mesonephros,  which  develop  in  tlie  segments  succeeding  those 
which  contain  the  pronephros,  were  serially  homologous  with 
the  pronephric  tubules.  Doubts  have  recently  been  aroused 
against  this  theory  (Riickert,  WheelerJ.  Important  structural 
differences  exist  in  the  two  sets  of  tubules,  and  since  even  in 
the  lowest  vertebrates  the  pronephros  seems  to  be  a  rudimen- 
tary structure,  it  has  been  held  not  improbable  that  in  tlie 
ancestors  of  the  vertebrates  it  was  a  much  more  perfectly 
developed  organ  extending  back  into  the  region  occupied  by 
the  mesonephros  in  existing  vertebrates.  As  the  mesonephros 
developed  the  pronephros  underwent  degeneration,  portions  of 
its  tubules  persisting,  however,  and  uniting  to  form  a  continu- 
ous canal,  the  pronephric  duct,  a  structure  for  which,  other- 
wise, it  is  difficult  to  find  a  satisfactory  explanation.  The  fact 
that  in  lower  forms  the  duct  seems  to  develop  as  a  number  of 
separate  parts  which  later  become  continuous  stands  in  favor 
of  this  hypothesis,  but  in  opposition  to  it  is  the  observation 
that  the  lower  portion  of  the  duct  in  several  species  of  mam- 
mals arises  from  the  ectoderm  (von  Spee,  Flemniing).  It 
seems,  however,  to  be  established  that  in  the  majority  of  the 
lower  vertebrates  it  is  of  purely  mesodermal  origin,  and  its 
connection  with  the  ectoderm  in  the  mammalia  is  therefore 
very  probably  due  to  a  secondary  fusion  (Martin). 

The  Development  of  the  Mesonephros. — The  pro- 
nephric duct  does  not  disappear  with  the  degeneration  of 
the  pronephric  tubules,  but  persists  to  serve  as  the  duct  for 
the  mesonephros  and  to  play  an  important  part  in  the  devel- 
opment of  the  metanephros  also.  In  the  Wolffian  ridge 
there  appear  in  embrjos  of  between  3  and  4  mm.  a  nam- 
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ber  of  coiled  tubules,  which  arise  by  some  of  the  cells  of  I 
the  ridge  aggregating  to  form  soHd  cords,  at  first  entirely 
unconnected   with   either  the  coelomic  epithelium  or  the 
Wolffian  duct.     Later  the  cords  become  connected  with  the 
coslomic   epithelium   and   acrjuire   a   himen,   and   near   the 
ccelomic  end  of  the  tubule  a  condensation  of  the  mesen- 
chyme of  [he  Wolffian  ridge  occurs  to  form  a  glomerulus 
into  which  a  branch  ex- 
tends from  the  neighbor- 
ing  aorta.      The   tubules 
finally  acquire  connection 
with    the    Wolffian    duct   , 
and  at  the  same  time  lose   i 
their  connections  with  the 
coelomic  epithelium,  their 
nephrostomes     being    ac- 
cordingly   but    transitory 
stnictnres.      The    tubules  ' 
rapidly  increase  in  length  | 
and    become    coiled,    and  ' 
the  glomeruli  project  into 
their  cavities,  pushing  in 
front  of  them  the  wall  o£ 
the  tubule  so  that  it  has  the  appearance  represented  in  Fig 

20.i. 

It  seems  probable  that  primarily  the  mesonephric  cords 
are  arranged  segtnentally,  a  single  pair  occurring  in  each 
segment  of  the  body  behind  the  pronephros  as  far  back, 
probably,  as  the  pelvic  region,  and  hence  the  intermediate 
cell-mass  fnmi  which  the  Wolffian  ridge  is  formed  may 
properly  be  regarded  as  composed  of  nephrotomes,  even 
though  no  surface  indications  of  segmentation  are  to  be  j 
seen  in  it.  The  correspondence  of  the  tubules  with  the 
myotomes  becomes,  however,  early  disturbed,  partly  as  the 


Fig.    2(h.— Trans vehse    Section 
THE  Wolffian  Ridge  of  a  Chick 
Embryo  of  Three  Days, 

JO.  Aorta;  gl,  glomerulus;  gr,  geniial 
ridge;  mes,  mesentery;  mt.  n 
neplirie  tubule;  vc.  cardinal  i 
Wd.  Wolffian  AMa.—{Mikalkovict.) 
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result  of  differences  in  growth  of  the  two  structures,  but 
especially  because  a  number  of  secondary  and  tertiary  tu- 
bules develop  in  connection  with  each  of  the  primary  ones. 
Exactly  how  these  additional  tubules  arise  is  a  little  uncer- 
tain, some  observers  maintaining  that  they  are  formed  from 
the  substance  of  the  Wolffian  ridge  in  the  same  manner  as 
the  primary  tubules  with  which  they  later  become  con- 
nected   (Mihalkovicz),    while    others    hold    that    they    are 


Fig.  203.— UiiiM>.,>Mi-.M.  Ai'i'.\KiTi-s  of  a  Male  Pig  Embryo  of  6  cm. 
ao,    A'.iria;    /■,    blailikr;    gh.    Riihernaciiliim    Testis;    b.    kidney;    mrf, 

Miillerian  duct;  sr,  suprarenal  body;  (,  leatia;  w.  Wolffian  body; 

wd.  Wolffian  duct  (Mihaikovica.) 

formed  by  the  splitting  of  the  primary  tubules  or  as  buds 
from  these  (Braun,  Janhosik). 

By  the  formation  of  these  additional  tubules  and  the 
continued  elongation  of  all,  whereby  they  become  thrown 
into  numerous  convolutions,  the  Wolffian  ridge  becomes  a 
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what  voluminous  structure,  projecting  maTkcdly 
the  coclomic  cavity  (Fig.  203).  It  is  attached  to  the  dorsal 
wall  of  the  hody  by  a  distinct  mesenler}-  and  has  in  its 
lateral  portion,  emltedded  in  its  substance,  the  Wolffian 
duct,  wtitle  on  its  mesial  surface  anteriorly  is  the  but  slightly 
developed  genital  ridge  (I).  This  condition  is  reached  tn 
the  human  emhryo  at  alx>ut  the  sixth  or  seventh  week  of 
development,  and  after  that  pericKi  the  mesonephros  under- 
goes rapid  degeneration,  so  tliat  at  about  the  sixteenth  week 
nothing  remains  of  it  except  the  duct  and  a  few  small  nidi- 
nients  whose  history  will  l>c  given  later. 

The  Development  of  the  Metanephros. — The  first  por- 
tion of  the  metanephros  to  appear  is  a  tubular  outgrovrth 
from  the  dorsal  surface 
of    the    Wolffian     duct, 
shortly    before    its    en- 
trance   into    the    cloaca 
(Fig.     163).      As    this 
outgrowth    elongates    it 
comes   to    lie   dorsal    to 
I  he     mesonephros     and 
il5     anterior     extremity 
])econies    enlarged    and 
Ea«ly  Stages    lobed.  and  also  becomes 
Vkvulovhznt  of  the  Meta-  ,    ,  , 

surn>unded  bv  a  conden- 
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(,  Urinary  tubule;  Vi 

ampulli 


(Haycraft.) 


renal  sation  of  mesenchyme, 
which  has  been  termed 
the  mi-tawfihric  blastema.  The  outgrowth  makes  its  ap- 
pearance in  embryos  of  about  5  mm.,  but  its  anterior  ex- 
tremity does  not  reach  its  final  position  in  the  neighborhood 
of  the  suprarenal  l)ociy  until  the  third  month  of  development. 
T!ie  extremity  of  the  outgrowth  early  liegins  to  divide 
within  the  substance  of  the  blastema  and  thus  gives  rise 
to  a  number  of  branches,  each  of  which  terminates  in  an 
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ampullar  enlargement,  lying  in  the  cortical  portion  of  the 
blastema  (Fig-.  204),  which  by  this  time  has  formed  for 
itself  a  capsule.  In  the  vicinity  of  each  ampulla  a  number 
of  condensations  of  the  blasteniic  tissue  occur  (Fig.  205, 
A),  forming  renal  vesicles  which  are  at  first  solid  but  later 
become  hollow,  and  each  of  these  elongates  to  form  an 
S-shaped  tubule,  one  end  of  which  becomes  continuous  with 
the  neighboring  ampulla  (Figs.  204,  B,  and  205.  B).  In 
the  space  enclosed  by  what  may  be  termed  the  lower  1 


Fic.  205- — Four  Stages  in  the  Development  of  a  Uriniferous 
Tubule  of  a   Cat. 

A,  arched  eolleciing  tubule,  C,  proximal  convoluled  tubule;  C,  distal 
convoluted  tubule;  H,  loop  of  Henle;  M,  glomeniliis;  T,  renal 
vesicle;  V,  ampulla  (drawn  from  reconstructions  prepared  by  G. 
C.   Ruber). 


of  the  S  3  collection  of  mesenchyme  cells  appears,  and  into 
this  branches  penetrate  at  an  early  stage  from  the  renal 
artery  to  form  a  glomerulus,  the  neighboring  walls  of  the 
tubule  becoming  exceedingly  thin  and  being  transformed 
into  a  capsule  of  Bowman.     The  upper  loop  of  the  S  now 
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begins  to  elongate  (Fig.  205,  C),  growing  toward  tlie  liilus 
of  the  kidney,  parallel  to  the  branch  of  the  outgrowth  from 
the  Wolffian  duct  to  which  it  is  attached  and  between  this 
and  the  glomerulus,  and  forms  a  loop  of  Henle.  From  the 
portion  of  the  horizontal  limb  of  the  S  which  lies  between 
the  glomerulus  and  the  descending  limb  of  the  loop  of  Henle 
the  proximal  convoluted  tubule  (C)  arises,  while  the  distal 
convoluted  and  the  arched  collecting  tubules  (C  and  A)  are 
formed  from  the  uppermost  portion  of  the  upper  loop  (Fig. 
205,  D). 

The  entire  length  of  the  urinary  tubule  from  Bowman's 
capsule  to  the  arched  collecting  tube  inclusive  is  thus  de- 
rived from  a  renal  vesicle,  while  each  renal  ampulla  becomes 
by  its  elongation  a  collecting  tubule  and  the  remaining  por- 
tions of  the  outgrowth  from  the  Wolffian  duct  become  the 
pelvis  of  the  kidney  and  the  ureter.  Up  to  the  time  when 
the  urinary  tubules  begin  to  develop  there  is  no  pelvis  to  the 
kidney,  the  ureter  extending  well  toward  the  center  of  the 
blastema  before  beginning  to  branch  and  the  branches 
thence  extending  to  the  cortex  (Fig.  204).  As  soon  as 
the  tubules  appear,  however,  the  formation  of  the  pelvis 
begins  by  what  has  been  described  as  an  evagination  of  the 
primary  branches  of  the  ureter  to  form  a  common  cavity, 
a  process  which  is  beginning  to  manifest  itself  in  the  stage 
shown  in  Fig.  204,  B,  and  which  is  continued  until  the 
secondary  branches  are  also  taken  up  into  the  cavity,  into 
which  the  various  collecting  tubules  then  open  separately. 

At  about  the  tenth  week  of  development  the  surface  of 
the  human  kidney  becomes  marked  by  shallow  depressions 
into  lobes,  of  which  there  are  about  eighteen,  one  corre- 
sponding to  each  of  the  groups  of  tubules  which  arise  from 
the  same  renal  vesicle.  This  lobation  persists  until  after 
birth  and  then  disappears  completely,  the  surface  of  the 
kidney  becoming  smooth. 
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The  Development  of  the  MuUerian  Duct  and  of  the 
Genital  Ridge. — At  the  time  wlien  the  Wolffian  body  has 
almost  reached  its  greatest  development  a  second  longitu- 
dinal duct  makes  its  appearance  in  close  proximity  to  the 
Wolffian.  This  is  known  as  the  Miilterian  duct  (Fig.  206, 
Md).  Its  development  is  preceded  by  the  appearance  of 
a  distinct  ridge  or  fold  upon  the  ventral  surface  of  the 
Wolffian  body,  extending  from  the  under  surface  of  the 
diaphragm  above  to  the  urogenital  sinus  below  and  con- 
taining in  the  lower  portion  of  its  course  the  Wolffian  duct 
(Fig.  203).  Near  the  anterior  end  of  the  mesonephros 
there  grows  into  this  fold  an  evagination  from  the  peri- 
toneum covering  the  Wolffian  ridge  and  by  the  proliferation 
of  the  cells  at  its  tip  this  evagination  gradually  extends 
downward  in  the  substance  of  the  ridge,  and  in  embryos 
of  22  mm.  has  reached  the  urogenital  sinus.  As  they  ap- 
proach the  sinus,  the  right  and  left  evaginations  or  MiJl- 
lerian  ducts  gradually  approach  one  another  and  finally  fuse 
together  to  form  a  single  tube  in  the  lower  part  of  their 
course,  but  they  remain  distinct  above,  each  tube  retaining 
its  original  opening  into  the  peritoneal  cavity. 

The  genital  ridge  makes  its  appearance  as  a  liand-like 
thickening  of  epithelium  extending  lengthwise  upon  the 
mesial  surface  of  the  Wolffian  body.  The  cells  composing 
the  thickening  are  arranged  in  several  layers  and  are  of 
two  kinds:  (l)  smaller,  cubical  or  spherical  cpitluHial  cells, 
with  a  relatively  small  amount  of  cytoplasm,  and  (2)  large 
spherical  cells  with  more  abundant  and  clear  cytoplasm, 
known  as  sex-cells.  I^ter  the  thickening  separates  into 
two  distinct  layers,  a  superficial  one  which  remains  epi- 
thelial in  character  and  contains  the  sex-cells,  and  a  deeper 
one.  composed  only  of  smaller  cells  and  known  as  the  stroma 
layer,  since  its  cells  later  become  the  stroma  cells. 

From  the  epithelial  layer  columns  of  cells  containing  sex- 
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cells  grow  down  into  the  subjacent  tissue  of  the  ridge,  this 
process  not  taking  place,  however,  to  an  equal  extent  in  all 
portions  of  the  ridge.  Indeed,  three  regions  may  be  recog- 
nized in  the  ridge;  an  anterior  one,  in  which  a  relatively 
small  number  of  cell-columns,  extending  deeply  into  the 
stroma,  are  formed;  a  middle  one  in  which  numerous  col- 
umns are  formed ;  and  a  posterior  one  in  which  practically 
none  are  formed.  The  first  region  has  been  termed  the 
rete  region  and  its  cell-columns  the  rete-cords,  the  second 
region  the  sex-gland  region  and  its  columns  the  sex-cords, 
and  the  posterior  region  is  the  mesenteric  region  and  plays 
no  part  in  the  actual  formation  of  the  ovary  or  testis. 

The  histological  differentiation  of  the  genital  ridge  de- 
scribed above  is  common  to  both  sexes  and,  in  the  human 
embryo,  is  completed  at  about  the  fourth  or  fifth  week. 
After  that  period  the  development  differs  somewhat  accord- 
ing as  the  sex-gland  is  to  become  a  testis  or  an  ovary,  and 
consequently  the  further  development  of  these  two  struc- 
tures may  be  described  separately.  Before  doing  so,  how- 
ever, the  development  of  certain  accessory  structures  may 
be  briefly  described. 

At  first  the  ridge  is  of  insignificant  dimensions  compared 
with  the  more  voluminous  Wolffian  body  (Fig.  200),  but 
as  the  degeneration  of  the  latter  proceeds  the  relative  size 
of  the  two  structures  becomes  reversed  and  the  genital  ridge 
forms  a  marked  prominence  attached  to  the  surface  of  the 
Wolffian  ridge  by  a  fold  of  peritoneum  which  becomes  the 
mesovarium  in  the  female  and  the  mesorchium  in  the  male. 
The  fold  which  surrounds  the  Wolffian  body  becomes  trans- 
formed on  the  degeneration  of  that  structure  into  the  broad 
ligament,  the  transverse  position  of  which  in  the  adult  is  due 
to  the  fusion  of  the  lower  portions  of  the  Miillerian  ducts, 
and  since  the  genital  ridges  lie  primarily  to  the  median  side 
of  the  ducts,  they  come  to  be  attached  by  their  mesentery 
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to  the  dorsal  surface  of  tlie  broad  ligament.     The  relations 
of  the  broad  ligaments  and  mesorchia  in  the  male  become 
profoundly  modified  by  the  descent  of  the  testes  into  tlie 
scrotum,  a  process  to  be  described  later  (p.  388).     From 
each  genital  ridge  a  prolongation  of  mesenchyme  extends 
downward    in    the    mesentery 
of    the    ridge,    nearly    parallel 
with  the  Mtillerian  duct,  with 
which    it    comes    into    contact 
at    the    point    where    the    two 
ducts  fuse  and  thence  is  con- 
tinned    downward    and    for- 
ward between  the  folds  of  the 
broad  ligamenl  to  l>e  attached 
to    the    ventral    wall    of    the 
abdomen  in  the  inguinal  region. 
-.      The  upper  part  of  this  pro- 
tvo  [ongation  of  the  genital  ridge 
represents  the  ligament  of  the 
ga'    ovary  and   its   lower   part   the 
mem;  Ow  ovary;  Rl   round    ligamentum  teres  of  the  female 
ligament;  UA,  umbilical  ar-       *" 

(ery;  Ur.  ureler;  Ut.  uterus;     (Fig.  207),  while  ni  tne  male 
W.  Wolffian  body  (epoopho-    ,|^g      (j^e  Structure  forms  what 
too)  .^(Adal>Ud  from  Mihal- 
kovici.)  is  knowti  as  the  guberttaculum 

1,'siis, 

The  Dcrelopmcnt  i>f  the  Testis. — At  about  the  fourth  or 
fifth  week  there  appears  in  the  sex-gland  region  of  the 
genital  ridge  a  structure  which  serves  to  characterize  the 
region  as  a  testis.  This  is  a  layer  of  somewhat  dense  con- 
nective tissue  which  grows  in  between  the  epithelial  and 
stroma  layers  of  the  sex-gland  region  and  gradually  ex- 
tends around  the  entire  sex-gland  to  form  the  tunica  albu- 
ginea.  By  its  development  the  sex-cords  are  separated  from 
the  epithelium,  which  later  becomes  much   flattened  and 
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eventually  almost  disappears.  Shortly  after  the  appearance 
of  the  albiiginea  the  sex-cords  become  broken  up  into  more 
or  less  spherical  masses  and  the  rete-cords  grow  backwards 
into  the  axial  substance  of  the  testis  (Fig.  208),  develop  a 
lumen  and  send  off  branches,  one  of  which  becomes  con- 
nected with  each  of  the  masses  formed  from  the  sex-cords. 
The  rete-cords  have  also  come  into  connection  with  the 
glomeruli  of  the  anterior  portion  of  the  niesonephros  and, 
like  the  sex-cords,  have  separated  from  the  epithelium  which 
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md,  Mullerian  duct;  mo,  mesorchium ;  re,  rete-cords; 
x-cords;  wd,  Wolffian  duct,— (Wi/iaiifcoMV*.) 

gave  rise  to  them,  so  that  they  now  extend  between  the 
sex-cord  masses  and  the  mesonephric  glomeruli.  The  sex- 
cord  masses  eventually  form  the  seminiferous  tubules,  while 
from  the  rete-cords  are  formed  the  titbuli  recti  and  rete  tes- 
tis, by  which  the  spermatozoa  are  transmitted  to  the  Wolf- 
fian duct  (see  p.  378), 

The  development  of  the  seminiferous  tubules  is  not  com- 
pleted, however,  until  puberty.     The  sex-cord  masses  elon- 
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gate  to  form  cylindrical  cords,  between  wliicli  lie  stroma 
cells  and  interstitial  cells  derived  from  the  stroma;  but  until 
puberty  these  cords  remain  solid,  a  lumen  developing  only 
at  that  period.     The  cords  contain  the  same  forms  of  cells 


Fic.  zOQ.— LnNr.miDiNAi.  Sectiun  of  the  0%'akv  of  an  Embryo  Cat 

OF  9,4  CM. 
car.  Corlica!  layer:  efi,  cpoophoron;  Mc.  tticrtullary  cwnis;  Mn.  mesO' 

npphros;  fif,  peritoneal  told  containing;  Fallopian  tube;  R,  reic; 

/.  Fallopian  lube.— (CoiTl.  from  Biihler.) 

as  were  described  as  occurring  in  the  epithelium  of  the 
germinal  ridge,  ami  While  in  the  early  stages  transitional 
forms  seem  to  occur,  in  later  perimls  the  two  varieties  of 
cells  are  quite  distinct,  the  sex-cells  becoming  spermatogonia 
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(see  p.  13)  and  being  the  mother  cells  of  the  spermatozoa, 
while  the  remaining  epithelial  cells  perhaps  become  trans- 
formed into  Sertoli  cells  (Benda). 

The  Development  of  the  Ovary. — In  the  case  of  the  ovary, 
after  the  formation  of  the  sex-cords,  connective  tissue  grows 
in  between  these  and  the  epithelium,  forming  a  layer  equiva- 
lent to  the  timica  albuginea  of  the  testis.  It  is,  however,  a 
much  looser  tissue  than  its  homologue  in  the  male,  and, 
indeed,  does  not  completely  isolate  the  sex-cords  from  the 
epithelium,  although  the  majority  of  the  cords  are  separated 
and  sink  into  the  deeper  portions  of  the  ovary  where  they 
form  what  have  been  termed  the  medullary  cords.  In  the 
meantime  the  germinal  epithelium  has  continued  to  bud  off 
cords  which  unite  to  form  a  cortical  layer  of  cells  lying 
below  the  epithelium  and  separated  from  the  medullary 
cords  by  the  tunica  albuginea  (Fig.  209). 

Later  the  cortical  layer  becomes  broken  up  by  the  in- 
growth of  stroma  tissue  into  spherical  or  cord-like  masses, 
consisting  of  sex-cells  and  epithelial  cells  (Fig.  210).  The 
invasion  of  the  stroma  continuing,  these  spheres  or  cords 
{Pfliiger's  cords)  become  divided  into  smaller  masses,  the 
primary  ovarian  follicles,  each  of  which  consists  as  a  rule 
of  a  single  sex-cell  surrounded  by  a  number  of  epithelial 
cells,  the  whole  being  enclosed  by  a  zone  of  condensed 
stroma  tissue,  which  eventually  becomes  richly  vascularized 
and  forms  a  theca  folliculi  (Fig.  9).  The  epithelial  cells 
in  each  follicle  are  at  first  comparatively  few  in  number  and 
closely  surround  the  sex-cell  (Fig.  210,  /),  which  is  destined 
to  become  an  ovum,  but  in  certain  of  the  follicles  they  un- 
dergo an  increase  by  mitosis,  becoming  extremely  ntimerous, 
and  later  secrete  a  fluid,  the  liquor  folliculi,  which  collects 
at  one  side  of  the  follicle  and  eventually  forms  a  consider- 
able ix)rtion  of  its  contents.  The  follicular  cells  are  differ- 
entiated by  its  appearance  into  the  stratum  granulosum. 
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which  surrounds  the  wall  of  the  follicle,  and  the  discus  pro- 
ligeriis,  in  which  the  ovum  is  embedded  (Fig,  g,  dp),  and 
the  cells  which  immediately  surround  the  ovum,  becoming 
cylindrical  in  shape,  give  rise  to  the  corona  radiala  (Fig, 
lo,  rr). 

A  somewhat  similar  fate  is  shared  by  the  medullary  cords,  I 
these  also  breaking  up  into  a  number  of  follicles,  but  sooner  I 
or  later  these  follicles  undergo  degeneration  so  that  shortly! 
after     birth     practically  I 
no   traces   of   the   cords  j 
remain.        It     must     be  i 
noted  that  degeneration 
"f   the   follicles   formed 
from  the  cortical  layer 
Lilso    takes    place    even 
during     fetal     life    and 
continues     to    occur 
throughout     the     entire 
periods   of   growth   and 
,    functional   activity,   nu- 
merous   atretic   follicles 
being  found  in  the  ovary 
at  alt  times.     Indeed  it  i 
would  seem  that  degen-  ( 
eration  is  the  fate  of  the  j 
great  majority  of  the  follicles  and  sex-cells  of  the  ovary, 
but  few  ova  coming  to  maturity  during  the  life-time  of  | 
any  individual. 

Rete-cords  developed  from  the  rete  portion  of  the  germ- 
inal ndge  occur  in  connection  with  the  ovary  as  well  as  with 
the  testis  and  form  a  rctc  oi'arii.  They  do  not,  however, 
extend  so  deeply  into  the  ovary,  remaining  in  the  neighbor- 
hood of  the  inesovarium,  and  they  do  not  become  tubular. 


Fig,  2IO. — Section  or  the  Ovahv  of  t 

New-bokn  Child. 
a,  Ovarial  epithelium;  b,  proxinial  pari 
of  a  Pfliigcr's  cord;  c,  seic-cell  ii 
epithelium ;  d  and  «,  spherical  masses 
f,  primary  follicle;  g.  bl ood- vessel .- 
(From   Gegenhaur,  after   Waldeyer.) 
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but  resemble  closely  the  medullary  cords  with  which  they 
are  serially  homologous.  They  separate  from  the  epithe- 
lium and  make  connections  with  the  glomeruli  of  the  ante- 
rior portion  of  the  mesonephros,  on  the  one  hand,  and  on  the 
other  with  the  medullary  cords,  and  in  later  stages  show  a 
tendency  to  break  up  into  primary  follicles,  which  early 
degenerate  and  disappear  like  those  of  the  medullary  cords. 

The  Transformation  of  the  Mesonephros  and  the 
Ducts. — At  one  period  of  development  there  are  present,  as 
representatives  of  the  urinogenital  apparatus,  the  Wolffian 
body  (mesonephros)  and  its  duct,  the  Miillerian  duct,  and 
the  developing  ovary  or  testis.  Such  a  condition  forms 
an  indifferent  stage  from  which  the  development  proceeds 
in  one  of  two  directions  according  as  the  genital  ridge  be- 
comes a  testis  or  an  ovary,  the  Wolffian  body  in  part  under- 
going degeneration  and  in  part  persisting  to  form  organs 
which  for  the  most  part  are  rudimentary,  while  in  the 
female  the  Wolffian  duct  also  degenerates  except  for  certain 
rudiments  and  in  the  male  the  Miillerian  duct  behaves 
similarly. 

In  the  Male, — It  has  been  seen  that  the  upper  portion 
of  the  Wolffian  body,  through  the  rete  cords,  enters  into 
very  intimate  relations  with  the  testis,  and  may  be  regarded 
as  divided  into  two  portions,  an  upper  genital  and  a  lower 
excretory.  In  the  male  the  genital  portion  persists  in  its 
entirety,  serving  as  the  efferent  ducts  of  the  testis,  which, 
beginning  in  the  spaces  of  the  rete  testis,  already  shown  to 
be  connected  with  the  capsules  of  Bowman,  open  into  the 
upper  part  of  the  Wolffian  duct  and  form  the  globus  major 
of  the  epididymis.  The  excretory  portion  undergoes  ex- 
tensive degeneration,  a  portion  of  it  persisting  as  a  mass 
of  coiled  tubules  ending  blindly  at  both  ends,  situated  near 
the  head  of  the  epididymis  and  known  as  the  paradidymis 
or  organ  of  Giraldes,  while  a  single  elongated  tubule,  aris- 

33 
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ing  from  the  portion  of  the  Wolffian  thict  wliich  f 
globus  minor  of  the  epididymis,  represents  another  f 
of  it  and  is  known  as  the  vas  aberrans. 

The  Wolffian  duct  is  retained  complete,  the  portion  o£ 
it  nearest  the  testis  becoming  greatly  elongated  and  thrown 
into  numerous  coils,  forming  the  body  and  globus  minor 
of  the  epididymis,  while  the  remainder  of  it  is  converted 
into  the  vas  deferens  and  the  ductus  ejaculatorius.  A  lat- 
eral outpouching  of  the  wall  of  the  duct  to  form  a  lonp- 
tudinal  fold  appears  at  about  the  third  month  and  gives 
rise  to  the  vesicula  semitialis,  the  lateral  position  of  the  out- 
growth explaining  the  adult  position  of  the  vesiculas  lateral 
to  the  vasa  deferentia. 

With  the  Miillerian  duct  the  case  is  very  different,  since 
it  disappears  completely  throughout  the  greater  part  of  its 
course,  only  its  upper  and  lower  ends  persisting,  tlie  former 
giving  rise  to  a  small  sac -like  body,  the  sessile  hydatid  of 
Morgagni,  attached  to  the  upper  end  of  the  testis  near  the 
epididymis,  while  the  latter  is  represented  by  a  depression 
in  the  floor  of  the  urethra  known  as  the  sin»s  pocularis, 
which  is  usually  prolonged  upward  into  a  short  cylindrical 
pouch  known  as  the  uterus  masculinus,  although  it  corre- 
sponds to  the  vagina  rather  than  to  the  uterus  of  the  female, 

In  the  Female. — In  the  female  the  genital  portion  of  the 
mesonephros.  though  never  fimctional  as  ducts,  persists  as 
a  group  of  ten  to  fifteen  tubules,  situated  between  the  twq 
layers  of  the  broad  ligament  and  in  close  proximity  to  th? 
ovary;  these  constitute  what  is  known  as  the  epodphoron 
{paroi'orium  or  organ  of  Rosenmiiller) .  The  tubules  ter- 
minate blindly  at  the  ends  nearest  the  ovary,  but  at  the  other 
extremity,  where  they  are  somewhat  coiled,  they  open  into 
a  collecting  duct  which  represents  the  upper  end  of  the 
Wolffian  duct.  Near  this  rudimentary  body  is  another, 
also  composed  of  tubules,  representing  the  remains  of  the 
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excretory  portion  of  the  mesoiiephros  and  termed  the  paro- 
ophoron. So  far  as  the  niesonephros  is  concerned,  there- 
fore, the  persisting  rudiments  in  the  female  are  comparable 
to  those  occurring  in  the  male. 

As  regards  the  ducts,  however,  the  case  is  different,  for 
in  the  female  it  is  the  Miillerian  ducts  which  persist,  while 
the  Wolffians  undergo  degeneration,  a  small  portion  of  their 
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—Diagrams    Illustrating    the    Tbansfobmatjon 
mullerian  and  wolffian  ducts. 
B,  Bladder:  C,  clitoris;  CG.  canal  of  Gaertner;  CI.  cloaca;  Ho,  epo- 
(iphoron;  Ef>,  epididymis;  F.  Fallopian  tube;  G,  genital  ^land;  HE, 
hydatid  of  epididymis;  HM,  hydatid  of  Morgagni;  K,  kidney;  UD, 
Mullerian  duct;  O,  ovary;  P,  penis;  Po,  paroophron;  Pr,  prostate 
gland;  R,  rectum;  T,  testis;  U.  urethra;  UM,  uterus  njasculim 
Ur,  ureter;  US,  urogenital  sinus;  Ut,  uterus;  f,  vagina;  VA.  \__ 
aberrans;  fO,  vas  deferens;  VS.  vesicula  seminalis;  WB,  Wolffian 
body;  IVD,  Wolffian  ducL— CMorfi»*rf  from  Huxley.) 
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Upper  ends  persisting  in  connection  with  tlie  epoophora, 
while  their  lower  ends  persist  as  straight  tubules  lying  at 
the  sides  of  the  vagina  and  forming  what  are  known  as  the 
canals  of  Gartner.  The  MiiHerian  ducts,  on  the  other  hand, 
become  converted  into  the  Fallopian  tubes  {tuba;  uterina), 
and  in  their  !ower  portions  into  the  uterus  and  vagina. 
From  the  margins  of  the  openings  by  which  the  MiiHerian 
ducts  communicate  with  the  ccelom  projections  develop  at 
an  early  period  and  give  rise  to  the  /itnbritr,  with  the  excep- 
tion of  the  one  connected  with  the  ovary,  the  fimbria  oi'arica. 
which  is  the  upper  persisting  portion  of  the  original  genital 
ridge,  its  lower  portion,  below  the  ovary,  being  represented 
by  the  ovarian  and  inguinal  ligament  already  described.  It 
has  been  seen  that  the  lower  portions  of  the  MiiHerian  ducts 
fuse  together  to  form  a  single  canal,  and  it  is  from  this  that 
the  uterus  and  vagina  are  differentiated,  the  histological 
distinction  of  the  two  portions  commencing  to  manifest 
itself  at  about  the  third  month.  During  the  fourth  month 
the  vaginal  portion  of  the  duct  becomes  flattened  and  the 
epithelium  lining  its  lumen  fuses  so  as  to  completely  occlude 
it  and.  a  little  later,  there  appears  near  its  tower  opening 
a  distinct  semicircular  fold  attached  to  its  dorsal  margin. 
This  is  the  hymen,  a  structure  which  seems  to  be  repre- 
sented in  the  male  by  the  vent  monlanum.  The  oblitera- 
tion of  the  lumen  of  the  vagina  persists  until  about  the 
sixth  month,  when  the  cavity  is  re-established  by  the  break- 
ing down  of  the  central  epithelial  cells. 

The  diagram,  Fig.  211,  illustrates  the  transformation 
from  the  indifferent  condition  which  occurs  in  the  two  sexes, 
and  that  the  homologies  of  tlie  various  parts  may  be  clearly 
understood  they  may  also  be  stated  in  tabular  form  as 
on  the  ne.\t  page. 

In  addition  to  the  sessile  hydatid,  a  slaiked  hydatid  also 
occurs  in  connection  with  the  testis,  and  a  similar  structure  is 
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Tuiis. 

Gubernaculum.                  | 

Fimbria  OTarica.                         ^M 
Round  ligament.                          ^^ 

Wolffiinbidy J 

Paiodphoron.                                 ^H 

WQlffi.n  duels ] 

Body  and  globus  minor  of 
Ejaculawrj  duets. 

Collecting  lubulw  of  epo-       ^M 
ophoron.                                 ^m 

Canals  of  Gtrtner.                     ^| 

f    SesKlc  hydatid. 
MDlUrian  ducts J 

Fallopian  lubes.                        ^^ 
Uterus.                                       ^H 
Vagina.                                      ^ 

attached  to  the  fimbriated   opening  of  each   Fallopian   tube. 
The  significance  of  these  structures  is  uncertain,  though  it  has 
been  suggested  that  tliey  are  persisting  rudiments  of  the  prone-      ^M 
phros.                                                                                                      H 
A  failure  of  the  development  of  the  various  parts  just  de-       ^H 
scribed  to  be  completed  in  the  normal  manner  leads  to  various       ^H 
abnormalities    in    connection    with    the    reproductive    organs.       ^H 
Thus  there  may  occur  a  failure  in  the  fusion  of  the  lower  por-       ^H 
tions  of  the  Miillerian  ducts,  a  bihorned  or  bipartite  uterus       ^H 
resulting,  or  the  two  ducts  may  come  into  contact  and  their 
adjacent  walls  fail  to  disappear,  the  result  being  a  median  par- 
tition separating  the  vagina  or  both  the  vagina  and  uterus  into 
two  compartments.     Tlie  excessive  development  of  the  fold         ^_ 
which  gives  rise  to  the  hymen  may  lead  to  a  complete  closure       ^M 
of  the  lower  opening  of  tlie  vagina,  while,  on  the  other  hand,       ^H 

forate  hyn^en.                                                                                                   ^H 
The  Development  of  the  Urinary  Bladder  and  the      ^| 
Urogenital  Sinus. — So  far  the  relations  of  the  lower  ends      ^| 
of  the  urinogenital  ducts  have  not  been  considered  in  detail,       ^H 
although  it  has  been  seen  that  in  the  early  stages  of  develop-       ^H 
raent  the  Wolffian  and  Miillerian  ducts  open  into  the  sides       ^H 
of  the  ventral  portion  of  the  cloaca:  that  the  ureters  com-      ^H 
inunicate  with  the  lower  portions  of  the  Wolffian  ducts;       ^^ 
that  from  the  ventral  anterior  portion  of  the  cloaca  the    ^^M 
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allantoic  duct  extends  outward  into  the  lielly-stalk;  and, 
finally  (p.  297),  tliat  the  cloaca  becomes  divided  into  a 
dorsal  portion,  which  forms  the  lower  part  of  the  rectum,  1 
and  a  ventral  portion,  which  is  continuous  with  the  allan- 
tois  and  receives  the  urinogenital  ducts  (Fig.  312).  It  is  ' 
the  history  of  this  ventral  portion  of  the  cloaca  which  is 
now  to  be  considered. 

It  may  be  regarded   as  consisting  of  two  portions,  an 


Fig.  2ia.— REcoNs-ntrcTiON  of  the  Cloacal  Region  of  ak   Eiibrvo    ' 

OF  14  uu. 
al,   Allanlois;   h,  bladder;   gl.   gi-nilal   liiberclp;    i,   inlesline;   n,   spinal    ^ 
cord;  nc.  notochord;  r,  reciiim;  sg,  urogenital  sinus;  ur,  ureter; 

w.  Wolffian  duct.-(KfiW,) 

anterior  and  a  posterior,  the  line  of  insertion  of  the  urino-  ] 
genital  ducts  marking  the  junction  of  the  two.  Tlie  ante- 
rior or  upper  portion  is  destined  to  give  rise  to  the  urinary 
bladder  (Fig.  212,  b),  while  the  lower  one  forms  what  Is 
known  for  a  time  as  the  urogenital  sinus  (sg).  The  blad- 
der, when  first  differentiated,  is  a  tubular  structure,  whose  . 
lumen  is  continuous  with  that  of  the  allanlois,  but  after  the 
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second  month  it  enlarges  to  become  more  sac-like,  while 

the  intra-embryonic  portion  of  the  allantois  degenerates  to 
a  solid  cord  extending  from  the  apex  of  the  bladder  to  the 
umbilicus  and  is  known  as  the  uracbus.  During  the  en- 
largement of  the  bladder  the  terminal  portions  of  the  urino- 
genital  ducts  are  taken  up  into  its  walls,  a  process  which 
continues  until  finally  the  ureters  and  Wolffian  ducts  open 


bl.  Bladder;-!.!,  -MiiUc, 
symphysis  pubis ; 
■(Adapted  from  Keibel.) 

into  it  separately,  the  ureters  opening  to  the  sides  of  and  a 
litlle  anterior  to  the  ducts.  Tliis  condition  is  reached  in 
embryos  of  alout  14  mm.  (Fig.  212),  and  in  later  stages 
the  interval  between  the  two  pairs  of  ducts  is  increased 
(Fig.  213),  resulting  in  the  formation  of  a  short  canal 
connecting  the  lower  end  of  the  bladder  which  receives  the 
nreters  with  the  upjier  end  of  the  urogenital   sinus,   into 
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which  the  Wolffian  and  Mullerian  ducts  open.  This  con- 
necting^ canal  represents  the  urethra  (Fig-.  213,  ur),  or 
rather  the  entire  urethra  of  the  female  and  the  proximal 
part  of  that  of  the  male,  since  a  considerable  portion  of 
the  latter  canal  is  still  undeveloped  (see  p.  386).  From 
this  urethra  there  is  developed,  at  about  the  third  month, 
a  series  of  solid  longitudinal  folds  which  project  upon  the 
outer  surface  and  separate  from  the  urethra  from  above 
downward.  These  represent  the  tubules  of  the  prostate 
gland  and  are  developed  in  both  sexes,  although  they  re- 
main in  a  somewhat  rudimentary  condition  in  the  female. 
The  muscular  tissue,  so  characteristic  of  the  gland  in  the 
adult  male,  is  developed  from  the  surrounding  mesenchyme 
at  a  later  stage. 

Tlie  urogenital  sinus  is  in  the  early  stages  also  tubular 
in  its  upper  part,  though  it  expands  considerably  below, 
where  it  is  closed  by  the  cloacal  membrane.  This,  by  the 
separation  of  the  cloaca  into  rectum  and  sinus,  has  become 
divided  into  two  portions,  the  more  ventral  of  which  closes 
the  sinus  and  the  dorsal  the  rectum,  the  interval  between 
them  having  become  considerably  thickened  to  form  the 
perineal  body.  In  cmbrj'os  of  about  17  mm.  the  urogenital 
portion  of  the  membrane  .has  broken  through,  and  in  later 
stages  the  tubular  portion  of  the  sinus  is  gradually  taken 
up  into  the  more  expanded  lower  portion,  until  finally  the 
entire  sinus  forms  a  shallow  depression,  termed  the  vesli- 
bide,  into  the  upper  part  of  which  the  urethra  opens,  while 
below  arc  the  openings  of  the  Wolffian  (ejaculatory)  ducts 
in  the  male  or  the  orifice  of  the  vagina  in  the  female. 
From  the  siiles  of  the  lower  part  of  the  sinus  a  pair  of 
evaginations  arise  toward  the  end  of  the  fourth  month  and 
give  rise  to  the  bulbo-vestibular  glands  (Bartholin's)  of 
the  female  or  the  corresjionding  bulbo-urelhral  glands 
{Cozi'per's)  in  the  male. 
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The  Development  of  the  External  Gehitalia.^At  about 
tlie  fifth  week,  before  the  urogenital  sinus  has  opened  to 
the  exterior,  the  mesenchyme  on  its  ventral  wall  begins  to 
thicken,  producing  a  slight  projection  to  the  exterior.  This 
eminence,  which  is  known  as  the  genital  tubercle  ( Fig.  2 1 2', 
gi),  rapidly  increases  in  size,  its  extremity  becomes  some^ 
what  bulbously  enlarged  (Fig.  214,  gl)  and  a  groove,  ex- 
tending to  the  base  of  the  terminal  enlargement,  appears 
upon  its  vestibular  surface,  the  lips  of  the  groove  forming 


214. — The   External   Genital; 
IS ;  gf.  genital   fold :  gl,  glans ; 

body.-fKc'M,) 


perineal 


two  well-marked  genital  folds  (Fig.  214,^/).  At  about  the 
tenth  week  there  appears  on  either  side  of  the  tubercle  an 
enlargement  termed  the  genital  szcelling  (Fig.  214,  gs), 
vvJiich  is  due  to  a  thickening  of  the  mesenchyme  of  the 
lower  part  of  the  ventral  abdominal  wall  in  the  region 
wliere  the  inguinal  ligament  is  attached,  and  with  the  ap- 
pearance of  these  structures  the  indifferent  stage  of  the 
external  genitals  is  completed. 

In  the  female  the  growth  of  the  genital  tubercle  proceeds 
rather  slowly  and  it  becomes  transformed  into  the  clitoris, 
(lie  genital  folds  becoming  prolonged  tn  form  the  labia 
iitiiiorn.     The  genital  swellings  increase  in  size,  their  1 
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enchyme  becomes  transformed  into  a  mass  of  adipose  and 
fibrous  tissue  and  they  become  converted  into  the  labia 
majora,  the  interval  between  them  constituting;  the  z'ulva. 

In  the  male  the  early  stages  of  development  are  closely 
similar  to  those  of  the  female;  indeed,  it  has  been  well  said 
that  the  external  genitals  of  the  adult  female  resemble  those 
of  the  fetal  male.  In  early  stages  the  genital  tubercle  elon- 
gates to  form  the  penis  and  the  integument  which  covers  the 
proximal  part  of  it  grows  forward  as  a  fold  which  encloses 
the  bulbous  enlargement  or  glans  and  forms  the  prepuce, 
whose  epithelium  fuses  with  that  covering  the  glans  and 
only  separates  from  it  later  by  a  cornification  of  the  cells 
along  the  plane  of  fusion.  The  genital  folds  meet  together 
and  fuse,  converting  the  vestibule  and  the  groove  upon  the 
vestibular  surface  of  the  penis  into  the  terminal  portion  of 
the  male  urethra  and  bringing  it  about  that  the  vasa  defer- 
entia  and  the  uterus  masculinus  open  upon  the  door  of  that 
passage.  The  two  genital  swellings  are  ai  the  same  titne 
brought  closer  together,  so  as  to  lie  between  the  base  of 
the  penis  and  the  perineal  body  and,  eventually,  they  form 
the  scrotum.  The  mesenchyme  of  which  they  were  pri- 
marily composed  differentiates  into  the  same  layers  as  are 
found  in  the  wall  of  the  abdomen  and  a  peritoneal  pouch 
is  prolonged  into  them  from  the  abdomen,  so  that  they  form 
sacs  into  which  the  testes  descend  toward  the  close  of  fetal 
life  (p.  388). 

The  homologies  of  the  portions  of  the  reproductive  appa- 
ratus derived  from  the  cloaca  and  of  the  external  genitalia 
in  the  two  sexes  may  be  perceived  from  the  following  table. 

Numerous  anomalies,  depending  upon  an  inhibition  or  ex- 
cess of  the  development  of  the  parts,  may  occur  in  connection 
with  the  external  genitalia.  Should,  for  instance,  the  lips  of 
the  groove  on  the  vestibular  surface  of  the  penis  fail  to  fuse, 
the  penial  portion  of  the  urethra  remains  incomplete,  consti- 
tuting a  condition  known  as  hypospadias,  a  condition  which 
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It  is  staled  above  that  the  layers  which  compose  the  walls  of 
the  scrotum  are  identical  with  those  of  the  abdominal  wall. 
This  may  be  seen  in  detail  from  the  following  scheme: 


Integument, 
Superficial  fascia. 
Exiemal  oblique  muscle. 
Internal  oblique  muscle. 
Transverse  muscle. 
Peritoneum. 


Integument. 

Inlercolumnar   fascia. 
Cremaslerie  fascia. 
Infundibiiliform  fascia. 
Tunica  vaginalis. 


offers  a  serious  bar  to  the  fulfilment  of  the  sexual  act.  If  the 
hypospadias  is  complete  and  there  be  at  the  same  time  an 
imperfect  development  of  the  penis,  as  frequently  occurs  in 
such  cases,  the  male  genitalia  closely  resemble  those  of  the 
female  and  a  condition  is  produced  which  is  usually  known  as 
hermaphrodHisitt.  It  is  noteworthy  that  in  such  cases  there 
is  frequently  a  somewhat  excessive  development  of  the  uterus 
masculinus,  and  a  similar  condition  may  be  produced  in  the 
female  by  an  excessive  development  of  the  clitoris.  Such 
cases,  however,  which  concern  only  the  accessory  organs  of 
reproduction,  are  instances  of  what  is  more  properly  termed 
spurious  hermaphrodilistn,  true  hermaphroditism  being  a  term 
which  should  be  reserved  for  possible  cases  in  wlitch  the  geni- 
tal ridges  give  rise  in  the  same  individual  to  both  ova  and 
spennatozoa.  Such  cases  are  of  exceeding  rarity  in  the  human 
species,  although  occasionally  observed  in  the  lower  vertebrates, 
and  the  great  majority  of  tlie  examples  of  hermaphroditism 
hitherto  observed  are  cases  of  the  spurious  variety. 

The  Descent  of  the  Ovaries  and  Testes. — The  posi- 
tions finally  occupied  by  the  ovaries  and  testes  are  very  dif- 
ferent from  those  which  they  possess  in  the  earlier  stages 
of  development,  and  this  is  especially  true  in  the  case  of  the 
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testes.  The  change  of  position  is  partly  due  to  the  rate  of 
growth  of  the  inguinal  ligaments  being  less  than  that  of 
the  abdominal  walls,  the  reproductive  organs  being  thereby 
drawn  downward  toward  the  inguinal  regions  where  the 
ligaments  are  attached.  The  attachment  is  to  the  bottom 
of  a  slight  pouch  of  peritoneum  which  projects  a  short  dis- 
tance into  the  substance  of  the  genital  swellings  and  is 
known  as  the  canal  of  Niick  in  the  ftmale,  and  in  the  male 
as  the  %'aginal  process. 

In  the  female  a  second  factor  combines  with  that  just 
mentione<l.  The  relative  shortening  of  the  inguinal  liga- 
ments acting  alcme  would  draw  the  ovaries  toward  the 
inguinal  regions,  but  since  the  inguinal  ligaments  are  nnited 
to  the  Miillerian  ducts  (see  p.  ^72).  and  since  the  ovaries  are 
continuous  with  the  posterior  layer  of  the  peritoneal  folds 
which  contain  these  ducts,  the  fusion  of  the  lower  ends  of 
the  ducts  produces  a  traction  toward  the  median  line,  so  that  ' 
the  ovaries  come  to  lie  finally  in  the  true  pelvis. 

With  the  testes  the  case  is  more  complicated,  since  in  addi- 
tion to  the  relative  shortening  of  the  inguinal  ligaments 
ihere  is  an  elongation  of  the  vaginal  processes  into  the  sub- 
stance of  the  genital  swellings,  and  it  must  be  remembered 
that  the  testes,  like  the  ovaries,  are  primarily  connected  with 
the  peritoneum.  Tliree  stages  may  be  recognized  in  the 
descent  of  the  testes.  The  first  of  these  depends  on  the 
slow  rate  of  elongation  of  the  inguinal  ligaments  or  guber- 
naculuni.  It  lasts  until  about  the  fifth  month  of  develop- 
ment, when  the  testes  lie  in  the  inguinal  region  of  the 
abdomen,  hut  during  this  month  the  elongation  of  the  guber- 
naculum  becomes  more  rapid  and  brings  about  the  second 
stage,  during  which  there  is  a  slight  ascent  of  the  testes,  so 
tliat  they  come  to  lie  a  little  higher  in  the  abdomen.  This 
stage  is,  however,  of  short  duration,  and  is  succeeded  by 
the  stage  of  the  final  descent,  which  is  characterized  by  th" 
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""elongation  of  tlie  vaginal  processes  of  the  peritoneuin  into 
the  substance  of  the  scrotum  (Fig.  215.  A).  Since  the 
gubernaculum  is  attached  to  the  bottom  of  the  process,  and 
since  its  growth  has  again  diminished,  the  testes  gradually 
assume  again  their  inguinal  position,  and  are  finally  drawn 
down  into  the  scrotum  with  the  vaginal  processes. 

The  condition  which  is  thus  acquired  persists  for  some 
time  after  birth,  the  testicles  being  readily  pushed  upward 
into  the  abdominal  cavity  along  the  cavity  by  which  they 


Fig.  .j  15.— Diagrams  Ilu'stratinc  the  Descent  of  the  Testis. 
it.  Tngninal  lifpinienl ;  m,  muscular  layer;  t,  skin  and  dartos  of  the  scp 
5  deferens;  Trfi,  vagin 


descended.  I^ter,  however,  the  size  of  the  openings  of  the 
vaginal  processes  into  the  general  peritoneal  cavity  becomes 
greatly  reduced,  so  that  each  process  becomes  converted  into 
an  upper  narrow  neck  and  a  lower  sac-like  cavity  (Fig. 
215,  B),  and.  still  later,  the  walls  of  the  neck  portion  fuse 
and  become  converted  into  a  solid  cord,  while  the  lower 
portion,  wrapping  itself  around  the  testis,  Incomes  the  tunica 
vaginalis  (I1').  By  these  changes  the  testes  become  per- 
manently l<Katcd  in  the  scrotum.  During  the  descent  of 
the  testes  the  remains  of  each  Wolffian  body,  the  epididymis, 
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and  the  upper  part  of  each  vas  deferens,  together  with  the 
spermatic  vessels  and  nerves,  are  drawn  down  into  the 
scrotum,  and  the  mesenterial  fold  in  which  they  were  origi- 
nally contained  and  which  is  comparable  to  the  broad  liga- 
ment of  the  female,  also  practically  disappears,  becoming 
converted  into  a  sheath  of  connective  tissue  which  encloses 
the  vas  deferens  and  the  vessels  and  nerves,  binding  them 
together  into  what  is  termed  the  spermatic  cord.  The  mes- 
orchium,  which  united  the  testis  to  the  peritoneum  enclos- 
ing the  Wolffian  body,  does  not  share  in  the  degeneration 
of  the  latter,  but  persists  as  a  fold  extending  between  the 
epididymis  and  the  testis  and  forming  the  sinus  epididymis^. 
In  the  text-books  of  anatomy  the  spemiatic  cord  is  usually 
described  as  lying  in  an  inguinal  canal  which  traverses  the 
abdominal  wails  obliquely  immediately  above  Poupart's  liga- 
ment. So  long  as  the  lumen  of  the  neck  portion  of  the  vaginal 
process  of  peritoneum  remains  patent  there  is  such  a  canal, 
placing  the  cavity  of  the  tunica  vaginalis  in  communication 
with  the  general  peritonea!  cavity,  but  the  cord  does  not  trav- 
erse this  canal,  but  lies  outside  it  in  the  retroperitoneal  con- 
nective tissue.  When,  however,  the  neck  of  the  vaginal  proc- 
ess disappears,  a  canal  no  longer  exists,  although  the  connective 
tissue  which  surrounds  the  spermatic  cord  and  unites  it  with 
the  tissues  of  the  abdominal  walls  is  less  dense  than  the  neigh- 
boring tissne.s,  so  that  the  cord  may  readily  be  separated  from 
these  and  ihus  appear  to  lie  in  a  canal. 
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CHAPTER  \IV. 


THE  SUPRARENAL  SYSTEM  OF  ORGANS. 

To  the  suprarenal  system  a  iiimiber  of  bodies  of  peculiar 
structure,  prdiably  concerned  with  internal  secretion,  may 
lie  assigned.  In  the  fishes  they  fall  into  two  distinct 
groups,  the  one  containing  organs  derived  from  the  coelomic 
epithelium  and  known  as  mtcrrcnal  organs,  and  the  other 
consisting  of  organs  derived  from  the  sympathetic  nervous 
system  and  which,  on  accoimt  of  the  characteristic  affinity 
they  possess  for  chroTiiiuni  salts,  have  been  termed  the 
cliromaffine  organs.  But  in  the  amphibia  and  amniote 
vertebrates,  while  both  the  groups  are  represented  by  inde- 
pendent organs,  yet  they  also  become  intimately  associated 
to  form  the  suprarenal  glands,  so  that,  notwithstanding 
their  distinctly  different  origins,  it  is  convenient  to  consider 
ihem  together. 

The  Development  of  the  Suprarenal  Bodies. — The 
suprarenal  Ixxlies  make  their  appearance  at  an  early  stage, 
while  the  Wolffian  Iwidies  are  still  in  a  well -developed  con- 
dition, and  they  are  situated  at  first  to  the  medial  side  of 
the  upper  ends  of  these  structures  (Fig.  203,  sr).  Their 
final  relation  to  the  metanephros  is  a  secondary  event,  and 
is  merely  a  topograpliic  relation,  there  being  no  develop- 
mental relation  between  the  two  structures. 

In  the  human  embryo  they  make  their  appearance  at 
alxiul  the  Iteginning  of  the  fourth  week  of  development 
as  a  number  of  proliferations  of  the  crelomic  epithelium, 
which  priiject  into  the  subjacent  mescncliyme.  and  are  situ- 
ated on  cither  side  of  the  median  line  between  the  root  of 
39' 
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the  mesentery  and  tlie  upper  portion  of  the  Wnlflian  IxkIv. 
The  various  proliferations  soon  separate  from  the  epithe- 
lium and  unite  to  fonii  two  masses  situated  in  the  mesen- 
chyme one  on  either  side  of  the  upper  portion  of  the  abdom- 
inal aorta.  In  certain  forms,  such  as  the  rabhit,  the  pri- 
mary proliferations  arise  from  the  bottom  of  depressions 
of  the  ccelomic  epithelium  (Fig.  216),  hut  in  the  Ininian 
embryo  tliese  depressions  do  not  form. 

Up  to  this  stage  the  structure  is  a  pure  interrena!  organ, 
but  during  the  fifth  week  of  development  masses  of  cells, 
derived    from   the   aklominal   portion   of   the   sympathetic 
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Fig,  2t6.— SECTinN  thkih  ..  .       ■  n  ffian  BincE  oi' 

Ao,  Aorta;   nj,  ncphrostomc ;  St.  suprarenal  body;  wr,  cardinal  vein; 
wc.  tubule  of  Wolffian  body;  u-d,  Wolffian  ducL— (.^iV/id.) 

nervous  system,  begin  to  penetrate  into  each  of  the  inter- 
renal  masses  (Fig.  217),  and  form  strands  traversing  them. 
At  about  the  ninth  or  tenth  week  fatty  granules  begin  to 
appear  in  the  interrenal  cells  and  somewhat  later,  about  the 
fourth  month,  the  sympathetic  constituents  liegin  to  show 
their  chromaffine  characteristics.  The  two  tissues,  how- 
ever, remain  intermingled  for  a  considerable  time,  and  it  is 
not  until  a  much  later  period  that  they  become  definitely 
separated,  the  sympathetic  elements  gradually  concentrat- 
ing in  the  centre  of  the  compound  organ  to  become  its 
medullary  substance,  while  the  interrenal  tissue  forms  the 
cortical  substance.     Jndeed.  it  is  not  until  after  birth  that 
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the  separation  of  the  two  lissnes  and  their  histological  dif- 
ferentiation is  complete,  occasional  masses  of  interrenal  tis- 
sue remaining  imbedded  in  the  medullary  substance  and  an 
immigration  of  sympathetic  cells  continuing  until  at  least 
the  tenth  year  (Wiesel). 

A  great  deal  of  difference  of  opinion  has  existed  in  the  past 
concerning  the  origin  of  the  suprarenal  glands.  By  several 
authors  they  have  been  regarded  as  derivatives  in  whole  or  in 
part  of  the  excretory  apparatus,  some  tracing  their  origin  to 
the  mesonephros  and  others  even  to  the  pronephros.     The  fact 
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that  in  .some  mammals  the  cortical  (interrenal)  cells  are  ^ 
formed  from  the  botloni  of  depressions  of  the  coelomic  epi- 
thelium seemed  lo  lend  support  lo  this  view,  but  it  is  i 
pretty  firmly  established  that  the  appearances  thus  presented 
do  not  warrant  the  interpretation  placed  upon  them  and  that 
the  interrenal  tissue  is  derived  from  the  ccelomic  epithelium 
quite  independently  of  the  nephric  tubules.  That  the  chromaf- 
fine  tissue  is  a  derivative  of  the  sympathetic  nervous  system 
has  long  been  recognized. 

During  the  development  of  the  suprarenal  glands  por- 
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tions  of  their  tissue  may  be  separated  as  the  result  of  un- 
equal growth  and  form  what  are  commonly  spoken  of  as 
accessary  suprarenal  glands,  although,  since  they  are  usu- 
ally composed  solely  of  cortical  substance,  the  term  acces- 
sory intcrrenai  bodies  would  be  more  appropriate.  They 
may  be  formed  at  different  periods  of  development  and 
occur  in  various  situations,  as  for  instance,  in  the  vicinity 
of  the  kidneys  or  even  actually  imbedded  in  their  substance, 
on  the  walls  of  neighboring  blood-vessels,  in  the  retroperi- 
toneal tissue  below  the  level  of  the  kidneys,  and  in  connec- 
tion with  the  organs  of  reproduction,  in  the  spermatic  cord, 
epididymis  or  rete  testis  of  the  male  and  in  the  broad  liga- 
ment of  the  female. 

It  seems  probable  thai  the  bodies  associated  with  the 
reproductive  apparatus  are  separated  from  the  main  mass 
of  interrenal  tissue  before  the  immigration  of  the  sympa- 
thetic tissue  and  before  the  descent  of  the  ovaries  or  testes, 
while  those  whicli  occur  at  higher  levels  are  of  later  origin, 
and  in  some  cases  may  contain  some  medullary  substance, 
being  then  true  accessory  suprarenals.  Such  bodies  are, 
however,  comparatively  rare,  the  great  majority  of  the 
accessory  bodies  being  composed  of  interrenal  tissue  alone. 

Independent  chromaffine  organs  also  occur,  among  them 
the  intercarotid  ganglia  and  the  organs  of  Zuckerkandl 
being  especially  deserving  of  note.  It  may  also  be  pointed 
nut,  however,  that  the  chromaffine  cells  have  the  same  origin 
as  the  cells  of  the  sympathetic  ganglia  and  may  sometimes 
fail  to  separate  from  the  latter,  so  that  the  sympathetic 
ganglia  and  plexuses  frequently  contain  chromaffine  cells. 

The  Intercarotid  Gqnglia. — Tliese  structures,  which  are 
frequently  though  incorrectly  termed  carotid  glands,  are 
small  bodies  about  5  mm.  in  length,  which  lie  usually  to 
the  mesial  side  of  the  upper  ends  of  the  common  carotid 
arteries.     They   possess   a   very   rich   arterial   supply   and 
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stainl  ill  intimate  relation  with  the  branches  of  an  inter-  ' 
carotid  sympathetic  plexus,  and,  furthermore,  they  are 
characterized  by  possessing  as  their  specific  constituents 
markedly  chromafline  cells,  among  which  are  scattered 
stellate  cells  resembling  the  cells  of  the  sympathetic  ganglia. 
They  have  l>een  found  to  arise  in  pig  embrjos  of  44  nun. 
hy  the  separatinn  of  cells  from  the  ganglionic  masses  scat- 
tered throughout  the  carotid  sympathetic  plexuses.     These 
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cells,  which  Ijecome  the  cbromaffine  cells,  arrange  them- 
selves in  round  masses  termed  cell  lialls.  many  of  which 
unite  to  form  each  ganglion,  and  in  man  each  cell  ball 
becomes  broken  up  into  trabecule  by  the  blood-vessels  (Fig. 
218)  which  penetrate  its  substance,  and  the  individual  balls 
are  sei>arated  from  one  another  by  considerable  quantities 
of  connective  tissue. 
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Some  confusion  lias  existed  in  the  past  as  to  the  origin  of 
this  structure.  The  mesial  wall  of  the  proximal  part  of  the 
internal  carotid  artery  becomes  considerably  thickened  during 
the  early  stages  of  development  and  the  thickening  is  traversed 
by  numerous  blood  lacunie  which  communicate  with  the  lumen 
of  the  vessel.  This  condition  is  perhaps  a  relic  of  the  branchial 
capillaries  which  in  the  lower  gill-breathing  vertebrates  repre- 
sent the  proximal  portion  of  the  internal  carotid,  and  has  noth- 
ing to  do  with  the  formation  of  the  intercarotid  ganglion, 
allhougli  it  has  been  believed  by  some  authors  (Schaper)  that 
the  ganglion  was  derived  from  the  thickening  of  the  wall  of 
the  vessel.  The  fact  that  in  some  animals,  such  as  the  rat  and 
the  dog,  the  ganglion  stands  in  relation  with  the  external  caro- 
tid and  receives  its  blood-supply  from  that  vessel  is  of  import- 
ance in  this,  connection. 

The  thickening  of  the  internal  carotid  disappears  in  the 
higher  vertebrates  almost  entirely,  but  in  the  Amphibia  it  per- 
sists throughout  life,  the  lumen  of  the  proximal  part  of  the 
vessel  being  converted  into  a  fine  meshwork  by  the  numerous 
trabeculje  which  traverse  it.  This  carotid  labyrinth  has  been 
termed  the  carotid  gland,  a  circumstance  which  has  probably 
assisted  in  producing  confusion  as  to  the  real  significance  of 
the  intercarotid  ganglion. 

The  Organs  of  Zuckerkandl. — In  embryos  of  14.5  mm, 
there  have  been  found,  in  front  of  the  abdominal  aorta, 
closely  packed  groups  of  cells  which  resemble  in  appear- 
ance the  cells  comix»sing  the  ganglionated  cord,  two  of  these 
groups,  which  extend  downward  along  the  side  of  the  aorta 
to  I)eIow  the  point  of  origin  of  the  inferior  mesenteric  artery, 
l)eing  especially  distinct.  These  cell  groups  give  rise  to  the 
ganglia  of  the  prevertebral  sympathetic  plexuses  and  also 
to  peculiar  Ixxlies  which,  from  their  discoverer,  may  be 
termed  the  organs  of  Zuckerkandl.  Each  body  stands  in 
intimate  relation  with  the  fibers  of  the  sympathetic  plexuses 
and  has  a  rich  blood-supply,  resembling  in  these  respects 
the  intercarotid  ganglia,  and  the  resemblance  is  further 
increased  by  the  fact  that  the  specific  cells  of  the  organ  are 
markedly  chromaffine. 

At  birth  the  bodies  situated  in  the  upper  portion  of  the 
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abcloniinal  cavity  have  broken  up  into  small  masses,  but 
the  two  lower  ones,  mentioned  above,  are  still  well  defined 
(Fig.  219).  Even  these,  however,  seem  to  disappear  later 
on  and  no  traces  of  them  have  as  yet  been  found  in  the 

a(hi!i. 


Fic  219.— Organs  1 

,  Aorta;  (i,  inferior  vi 

mcsenlcrric   arlrry ; 

pUaonicplcjius: 


,  New-dorn  Chuji. 
iac  aritry;  mi,  inferior 


LITERATURE. 
A.  Kokk:  "Ueber  den  Bail  und  die  Enlwickelimg  ilcr  sog.  Caroli*- 

drfise,"  Archiv.  fiir  mihrosk.  Anat..  i.vi,  1900, 
A.  Kokn:  "Das  chromaffmc  Gewd'c,"  Urg^'ba.  Jer  Anal,  und  Bnt- 

vnckeluneigtsch.,  xii,  igoa. 


LITERATURE.  399 

H.  Poll  :  "  Die  vcrgleichcnde  Entwickelungsgeschichte  der  Nebeunieren- . 
systeme  der  Wirbeltiere,"  Hsrtwigs  Handb.  der  vergl.  und  exper. 
Enhvicklungslehre  der  Wirbeltiere,  in,   1906. 

A.  SouLii:  "Recherches  sur  le  developpement  dcs  capsules  surrenales 
chez  les  Vertebres,"  Joum.  de  VAnat.  et  de  la  Physiol.,  xxxix,  1903. 

J.  WiESEL :  "  Beitrage  zur  Anatomie  und  Entwickelung  der  mensch- 
lichen  Nebenniere,"  Anat.  Heft.,  xix,  1902. 

E.  Zuckerkandl:  "Ucbcr  Nebenorgane  des  Sympathicus  im  Retro- 
peritoneal rauni  des  Menschen,"  Verhandl.  Anat.  Gesellsdh.,  xv, 
1901. 


CHAPTER  XV. 


THE   DEVELOPMENT  OF  THE   NERVOUS 
SYSTEM. 

The  Histogenesis  of  the  Nervous  System.— The  entire  j 
central  nervous  system  is  derived  frmm  tlie  cells  lining  the  I 
niedidlary  groove,  whose  formation  and  conversion  into  the  • 
medullary  canal  has  already  been  described  (p.  g8).  When  ' 
the  groove  is  first  formed,  the  "cells  lining  it  are  some-  i 
what  more  columnar  in  shape  than  those  on  either  side  of  I 
it,  though  like  them  they  are  arranged  in  a  single  layer;  i 
later  they  increase  by  mitotic  division  and  arrange  them- 
selves in  several  layers,  so  that  the  ectoderm  of  the  groove  I 
liecomes  very  much  thicker  than  that  of  the  g:eneral  surface  j 
of  the  l)ody.  While  its  tissue  is  in  this  condition  the  lips  j 
of  the  gnmve  unite,  and  the  subse(|uent  (hfferentiation  of  ] 
the  canal  so  formed  differs  somewhat  in  different  regions,  1 
although  a  fundamental  plan  may  be  recognized,  Thisl 
plan  is  most  readily  perceived  in  the  region  which  Iwcomesl 
the  spinal  cord,  and  may  I)e  described  as  seen  in  that  region.  J 

Throughout  the  earlier  stages,  the  cells  lining  the  inner^ 
wall  of  the  medullary  tube  are  found  in  active  proliferation,  j 
some  of  the  cells  so  produced  arranging  themselves  with] 
their  long  axes  at  right  angles  to  the  central  canal  and  j 
extending  throughout  the  entire  thickness  of  the  wall  to  | 
form  a  suppftrtive  framework  (Fig.  2^0).  while  others, 
whose  destiny  is  for  the  most  part  not  yet  determinable,  I 
and  which  therefore  may  l>e  termed  iiuUffiTcitt  cells,  occur  ' 
in  the  meshes  of  this  framework,  .^t  this  stage  a  trans-  I 
verse  section  of  the  medullary  tube  shows  it  to  lie  composed  I 
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of  two  weli-defined  zones,  an  inner  one  immediateiy  sur- 
rounding the  central  canal  and  composed  of  tlie  indifferent 
cells  and  the  bodies  of  the  supportive  or  epcndymal  cells, 
and  an  outer  one  consisting  of  the  branched  prolongations 
of  the  ependyma!  cells.  This  outer  layer  is  termed  the 
marginal  velum  (Randschleier)  (Fig.  230,  mv).  The  in- 
different cells  now  be- 
gin to  wander  outward 
to  form  a  definite 
layer,  termed  the  man- 
tle layer,  lying  between 
the  marginal  velum 
and  the  bodies  of  the 
ependymal  cells  (Fig, 
221),  and  when  this 
layer  has  become  well 
established  the  cells 
composing  it  begin  to 
divide  and  to  differen- 
tiate into  (i)  cells 
termed  neuroblasts,  , 
destined  to  become 
nerve-cells,  and  (2) 
others  which  appear  to 
,  be  supportive  in  charac- 
ter and  are  termed  neu- 
roglia cells  (Fig.  221, 
B).  The  latter  are  for 
the  most  part  small 
and  have  their  cell-bodies  drawn  out  into  very  numerous 
and  exceedingly  slender  processes,  wbich  ramify  among 
the  neuroblasts,  these,  on  the  other  band,  being  larger  and 
each  early  developing  a  single  strong  prricess  which  grows 
out  into  the  marginal  velum  and  is  known  as  an  a.rti- 
3S 
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cylinder.  At  a  later  period  the  neuroblasts  also  give  rise 
to  other  processes,  temied  dendrites,  more  slender  and 
shorter  than  the  axis-cylinders,  branching  repeatedly  and, 
as  a  rule,  not  extending  beyond  the  limits  of  the  mantle 
layer. 

Tile  axis-cylinder  processes  of  the  majority  of  the  neuro- 
blasts on  reaching  the  marginal  vehim  bend  upward  or 
downward  and,  after  traversing  a  greater  or  less  length 
of  the  cord,   re-enter  the  mantle  layer  and  terminate  by 


I 


Fig.   s2 I. ^Diagrams    showing   the    DEVELorwENT   of   the    Mantle 

Layer  in  the  Spinal  Cord. 
The  circles,  indilTercnl  cells;  circles  will)  tlols.  neuroglia  cells;  shaded, 

cells,  germinal  cells;  circles  wi(h  cross,  germinal  cells  in  mitosis; 

black  cells,  nerve-cells. —  {Sckaper.) 

dividing  into  numerous  short  branches  which  come  into 
relation  with  the  dendrites  of  adjacent  neuroblasts.  The 
processes  of  certain  cells  situated  in  the  venlral  region  of 
the  mantle  zone  iKiss,  however,  directly  through  the  mar- 
ginal velum  out  into  the  surrounding  tissues  and  constitute 
the  vaiiral  ncri'e-roots  (Fig.  224). 

The  dorsal  ncn'e-roois  have  a  very  different  origin.     In 
embryos  of  about  2.5  mm.,  in  which  the  medullary  canal 
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is  only  partly  closed  (Fig.  42),  the  cells  which  lie  along  the 
line  of  transition  between  tlie  lips  of  the  groove  and  the 
general  ectoderm  form  a  distinct  ridge  readily  recognized  in 
sections  and  termed  the  neural  crest  (Fig.  222,  A).  When 
the  lips  of  tlie  groiive  fuse  together  the  cells  of  the  crest 
unite  to  form  a  wedge-shaped  mass,  completing  the  closure 
of  the  canal  (Fig.  222,  B),  and  later  proliferate  so  as  to 
extend  outward  over  the 
surface  of  the  canal 
( Fig.  222,  C).  Since  this 
proliferation  is  most  ac- 
tive in  the  regions  of  the 
crest  which  correspond 
to  tlie  mesodermic  somites 
there  is  formed  a  series 
of  cell  masses,  arranged 
segmentally  and  situated 
in  the  mesenchyme  at  the 
sides  of  the  medullary 
canal  {Fig.  206).  These 
cell-masses  represent  the 
dorstU  root  ganglia,  and 
certain  of  their  constitu- 
ent cells,  which  may  also 
he  termed  neuroblasts, 
early  assume  a  fusiform 
shape  and  send  out  a  process  from  each  extremity.  One 
of  these  processes,  tlie  axis-cylinder,  grows  inward  toward 
the  medullary  canal  and  penetrates  its  marginal  velum,  and, 
after  a  longer  or  shorter  course  in  this  zone,  enters  the 
mantle  layer  and  comes  into  contact  with  the  dendrites  of 
some  of  the  central  neuroblasts.  The  other  process  extends 
peripherally  and  is  to  be  regarded  as  an  extremely  ekingated 
dendrite.     The  processes   from  the  cells  of  each  ganglion 


n  Lenkossek.) 


404       THE    HISTOGENESIS   OF   THE   NERVOUS   SYSTEM. 

aggregate  to  form  a  nerve,  that  formed  by  the  axis-cylinders  ] 
being  the  posterior  root  of  a  spinal  nerve,  while  that  formed 
by  the  dendrites  soon  unites  vvitii  the  ventral  nerve-root  of  I 
the  corresponding  segment   to   form  the  main  stem  of  a  | 
spinal  nerve. 

There  is  thus  a  very  important  difference  in  the  mode  ] 
of  development  of  the  two  nerve-roots,  the  axis-cylinders  i 
of  the  ventral  roots  arising  from  ceils  situated  in  the  wall 
of  the  medullary  canal  and  growing  outward   {centrifu- 
gally),  while  those  of  the  dorsal  root  spring  from  cells  situ- 


d.  T-sIiaped  cells. —  ] 


ated  peripherally  and  grow  inward  (ccntripetally)  toward  j 
the  medullary  canal.  In  the  majority  of  the  dorsal  root  ] 
ganglia  the  points  of  origin  of  the  two  processes  of  each  1 
hi-polar  cell  gradually  approach  one  another  and  eventually  ] 
come  to  rise  from  a  common  stem,  a  process  of  the  cell-Ijody, 
which  thus  assumes  a  characleristic  T  form. 

From  what  has  been  said  it  will  be  seen  ihat  each  axis- 
cylinder  is  an  outgrowth  from  a  single  neuroblast  and  is  part 
of  its  ceIl-l>ody,  as  are  also  the  demlritcs.  Another  view  has, 
howi'ViT,  been  ailvanccil  In  the  cffoct  that  the  iit-rvi'  fibers  first 
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appear  as  chains  of  cells  and  that  the  axis-cyHnders,  beuig 
differentiated  from  the  cytoplasm  of  the  chains,  are  really 
multicellular  products.  Many  difficulties  stand  in  the  way  of 
the  acceptance  of  this  view  and  recent  observations,  both  hls- 
togenetic  (Cajal)  and  experimental  (Harrison)  tend  to  con- 
firm the  unicellular  origin  of  tJie  ax  is- cylinders.  The  embryo- 
logical  evidence  therefore  goes  to  support  the  neurone  theory, 
which  regards  the  entire  nervous  system  as  composed  of  sepa- 
rate units,  each  of  which  corresponds  to  a  single  cell  and  is 
termed  a  neurone. 

By  tiie  development  of  the  axis-cylinders  which  occupy 
the  meshes  of  the  marginal  velum,  tliat  zone  increases  in 
thickness  and  comes  to  consist  principally  of  nerve-fibers, 
while  the  cell-bodies  of  the  neurones  of  the  cord  are  situ- 
ated in  the  mantle  zone.  No  such  definite  distinction  of 
color  in  the  two  zones  as  exists  in  the  adult  is,  however, 
noticeable  until  a  late  period  of  development,  the  medullary 
sheaths,  which  give  to  the  nerve-fibers  their  white  appear- 
ance not  beginning  to  appear  until  the  fifth  month  and  con- 
tinuing to  form  from  that  time  onward  until  after  birth. 
The  origin  of  the  myelin  which  composes  the  medullary 
sheaths  is  as  yet  uncertain,  although  the  more  recent  obser- 
vations tend  to  show  that  it  is  picked  out  from  the  blood 
and  deposited  around  the  axis-cylinders  in  some  manner  not 
yet  understood.  Its  appearance  is  of  importance  as  being 
associated  with  the  beginning  of  the  functional  activity  of 
the  nerve-fibers. 

In  addition  to  the  medullary  sheaths  the  majority  of  the 
fibers  of  the  peripheral  nervous  system  are  provided  with 
primitive  sheaths,  which  are  lacking,  however,  to  the  fibers 
of  the  central  system.  They  are  formed  by  cells  which 
wander  out  from  the  dorsal  root-ganglia  and  are  therefore 
of  ectodermal  origin.  Frog  larvs  deprived  of  their  neural 
crests  at  an  early  stage  o  f  development  pi'oduce  ventral  nerve 
fibers  altogether  destitute  of  primitive  sheaths  (Harrison). 


I 
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Various  theories  have  been  advanced  to  account  for  the 
formation  of  the  medullary  sheaths.  It  has  been  held  that  the 
myelin  is  formed  at  the  expense  of  the  outermost  portions  of 
the  axis-cylinders  themselves  (von  Kolliker),  and,  on  the  other 
hand,  it  has  been  regarded  as  an  excretion  of  the  cells  which 
compose  the  primitive  sheaths  surrounding  the  fibers  (Ran- 
vier),  a  theory  which  is,  however,  invalidated  by  the  fact  that 
myelin  is  formed  around  the  fibers  of  the  central  nervous  sys- 
tem which  possess  no  primitive  sheaths.  As  stated  atmve,  the 
more  recent  observations  (Wlassak)  indicate  its  exogenous 
origin. 

It  has  been  seen  that  the  central  canal  is  closed  in  the 
mid-dorsal  line  by  a  mass  of  cells  derived  from  the  neural 
crest.  Tlie.se  cells  do  not  take  part  in  the  formation  of 
the  mantle  layer,  but  become  completely  converted  into 
ependymal  tissue,  and  the  same  is  true  of  the  cells  situated 
in  the  mid-veiilral  line  of  the  canal.  In  these  two  regions, 
known  as  the  roof-piaie  and  floor-plate  respectively,  the 
wall  of  the  canal  has  a  characteristic  structure  and  does  not 
share  to  any  great  extent  in  the  increase  of  thickness  which 
distinguishes  the  other  regions  (Fig.  224).  In  the  lateral 
walls  of  the  canal  there  is  also  noticeable  a  differentiation 
into  two  regions,  a  dorsal  one  standing  in  relation  to  the 
ingrowing  fibers  from  the  dorsa!  root  ganglia  and  known 
as  the  dorsal  sane,  and  a  ventral  one,  the  ventral  sone,  simi- 
larly related  to  the  ventral  nerve-roots.  Indifferent  regions 
of  the  medullary  tube  these  zones,  as  well  as  the  roof-  and 
floor-plates,  undergo  different  degrees  of  development,  pro- 
ducing peculiarities  which  may  now  be  considered. 

The  Development  of  the  Spinal  Cord. — Even  before 
the  lips  of  the  medullary  groove  have  met  a  marked  enlarge- 
ment of  the  anterior  portion  of  the  canal  is  noticeable,  the 
region  which  will  become  the  brain  being  thus  dLstinguished 
from  the  more  posterior  portion  which  will  be  converted 
into  the  spinal  cord.  When  the  formation  of  the  meso- 
demiic  somites  is  completed,  the  spinal  cord  terminates  at 
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the  level  of  the  last  somite,  and  in  tliis  region  still  retains 
its  connection  wilh  the  ectoderm  of  the  dorsal  surface  of 
the  body;  but  in  that  portion  of  the  cord  which  is  posterior 
to  the  first  coccygeal  segment  the  histological  differentiation 
does  not  proceed  beyond  the  stage  when  the  walls  consist 
of  several  layers  of  similar  cells,  the  formation  of  neuro- 
blasts and  nerve-roots  ceasing  with  the  segment  named. 
After  the  fourth  month  the  more  differentiated  portion 
elongates  at  a  much  slower  rate  than  the  surrounding  tissues 
and  so  appears  to  recede  up  the  spinal  canal,  until  its  ter- 
mination is  opposite  the  second  lumbar  vertebra.  The  less 
differentiated  portion,  which  retains  its  connection  with  the 
ectoderm  until  about  the  fi  fth  month,  is,  on  the  other  hand, 
drawn  out  into  a  slender  61ament  whose  cells  degenerate 
during  the  sixth  month,  except  in  its  uppermost  part,  so  that 
it  comes  to  be  represented  throughout  the  greater  part  of 
its  extent  by  a  tiiin  cord  composed  of  pia  mater.  This  cord 
is  the  structure  known  in  the  adult  as  the  filum  termitiale, 
and  lies  in  the  center  of  a  leash  of  nerves  occupying  the 
lower  part  of  the  spinal  canal  and  termed  the  cauda  equina. 
The  existence  of  the  cauda  is  due  to  the  recession  of  the 
cord  which  necessitates  for  the  lower  lumbar,  sacral  and 
coccygeal  nerves,  a  descent  through  the  spinal  canal  for  a 
greater  or  less  distance,  before  they  can  reach  the  inter- 
vertebral foramina  through  which  they  make  their  exit. 

In  the  early  stages  of  development  the  central  canal  of 
the  cord  is  quite  large  and  of  an  elongated  oval  form,  but 
later  it  becomes  somewhat  rhomboidal  in  shape  (Fig.  224, 
A),  the  lateral  angles  marking  the  boundaries  between  the 
dorsal  and  ventral  zones.  As  development  proceeds  the 
sides  of  the  canal  in  the  dorsal  region  gradually  approach 
one  another  and  eventually  fuse,  so  that  this  portion  of 
the  canal  becomes  obliterated  (Fig.  224,  B)  and  is  indi- 
cated by  the  dorsal  longitudinal  fissure  in  the  adult  cord, 
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tlie  central  canal  of  which  corresponds  to  the  ventral  [ 
lion  only  of  the  embryonic  cavity.  While  this  process  1 
been  going  on  both  the  roof-  and  the  floor-plate  have  1 
come  depressed  below  the  level  of  the  general  surface  of 
the  cord,  and  by  a  continuance  of  the  depression  of  the  floor- 1 
plate — a  process  really  due  to  the  enlargement  and  conse-| 
quent  bulging  of  the  ventral  zone — the  anterior  median  fis-j 


Fig.  224.— Trans vesse  Sections  i 

BHVOs  OF  (A)  ABOUT  Four  a 

Three  Months. 
rB,  Fasciculus  of  Burdach;  eC,  fasciculus  of  Goll;  dh,  dorsal  horn; 

dorsal  7one;  ff,  floor-plale;  ob,  oval  bundle;  rp,  roof-plate; 

vejiirsl  horn;  ve,  ventral  lone. — (HU.) 

sure  is  produced,  the  difference  between  its  shape  and  that'l 
of  the  dorsal  fissure  being  due  to  the  difference  in  its  devel- 
opment. 

The  development  of  the  mantle  layer  proceeds  at  first  1 
more  rapidly  in  the  ventral  zone  than  in  the  dorsal,  so  that  I 
at  an  early  stage  (Fig.  224,  A)  the  anterior  horn  of  gray  I 
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matter  is  much  more  pronounced,  but  on  the  development 
of  the  dorsal  nerve-roots  the  formation  of  neuroblasts  in 
the  dorsal  zone  proceeds  apace,  resulting  in  the  formation 
of  a  dorsal  horn.  A  small  portion  of  the  zone,  situated 
between  the  point  of  entrance  of  the  dorsal  nerve-roots  and 
the  roof-plate,  fails,  however,  to  give  rise  to  neuroblasts  and 
is  entirely  converted  into  ependyma.  This  represents  the 
iutare  fasciculus  of  Goll  (Fig.  224,  A,  cG),  and  at  the  point 
of  entrance  of  the  dorsal  roots  into  the  cord  a  well-marked 
oval  bundle  of  fibers  is  formed  (Fig.  224,  A,  06)  which,  as 
development  proceeds,  creeps  dorsally  over  the  surface  of 
the  dorsal  horn  until  it  meets  the  lateral  surface  of  the  fas- 
ciculus of  Goll,  and,  its  further  progress  toward  the  median 
line  being  thus  impeded,  it  insinuates  itself  between  that 
fasciculus  and  the  posterior  horn  to  form  the  fascicithts  of 
Burdock  (Fig.  224,  B,  cB). 

Little  definite  is  as  yet  known  concerning  the  development 
of  the  other  fasciculi  which  are  recognizable  in  the  adult  cord, 
but  it  seems  certain  that  the  lateral  aiifl  anterior  cerebro- spinal 
(pyramidal)  fasciculi  are  composed  of  fibers  which  grow 
downward  in  the  meshes  of  the  marginal  velum  from  neuro- 
blasts situated  in  the  cerebral  cortex,  while  the  ce rebel lo-spinal 
(direct  cerebellar)  fasciculi  and  the  fibers  of  the  ground- 
bundles  have  their  origin  from  cells  of  the  mantle  layer  of 
the  cord. 

The  myelination  of  the  fibers  of  the  spinal  cord  begins 
between  the  fifth  and  sixth  months  and  appears  first  in  the 
fasciculi  of  Biirdach,  and  about  a  month  later  in  the  fasciculi 
of  Goll.  The  myelination  of  the  great  motor  paths,  the  lateral 
and  anterior  cerebro-spinal  fasciculi,  is  the  last  to  develop, 
appearing  toward  the  end  of  the  ninth  month  of  fetal  life. 

The  Development  of  the  Brain. — The  enlargement  of 
the  anterior  portion  of  the  medullary  canal  does  not  take 
place  quite  uniformly,  hut  is  less  along  two  transverse  lines 
than  elsewhere,  so  that  the  brain  region  early  becomes  di- 
vided into  three  primary  vesicles  which  undergo  further  dif- 
ferentiation as  follows.  Upon  each  side  of  the  anterior 
36 
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vesicle  an  evagination  appears  and  becomes  converted  into  a 
c!ub-shaped  structure  attached  to  the  ventral  portion  of  the 
vesicle  by  a  pedicle.     These  evaginations  (Fig.  225,  op)  are 
known  as  the  optic  evaginations,  and  being  concerned  in  the 
formation  of  the  eye  will  be  considered  in  the  succeeding  I 
chapter.      After  their   forma-  ' 
tion  the  antero-lateral  portions 
of  the  vesicle  become  bulged 
out  into  two  protuberances  (/i) 
which  rapidly  increase  in  size 
and  give  rise  eventually  to  the  I 
two     cerebral  .hemispheres, 
which  form,  together  with  the  I 
portion  of  the  vesicle  which  lies  ] 
§*■*'    between  them,  what  is  termed  ] 
the  telencephalon  or  fore-brain, 
the  remainder  of  the  vesicle  ] 
giving  rise  to  what  is  known  j 
as  the  diencephalon  or  'txveen-  1 
brain  ("Fig.  225,  /).    The  mid- 
dle vesicle  is  bodily  converted  ■ 
into  the  mesencephalon  or  wtrf-' 
brain    (m),   but   the   posteriori 
vesicle    differentiates    so    that! 
three  parts  may  be  recognized:! 
( 1 )  a  rather  narrow  portioti  ■ 
which     immediately     succeedif 
the  mid-brain  and  is  termed  XheA 
isthmus    (i) ;    (2)    a    portion! 
whose  roof  and  floor  give  rise* 
to  the  cerebellum  and  pons  respectively,  and  which  is  termed  T 
the  metenccphalon  or  hind-brain  (ml)  '■  and  (3)  a  terminal  ' 
portion  which  is  known  as  the  tncdulla  oblongata,  or, 
retain  a  consistent  nomenclature,  the  tnyelenccphalon  ' 


H,  Hemisphere;  i,  isthmus;  m, 
mesencephalon ;  m/,  mid -brain 
flexure ;  ml,  melencephalon ; 
my,  myelencephaloi) ;  nf,  neck 
Hexure;  ot,  otic  capsule;  op, 
optic  evagination ;  t,  dien- 
cephalon.—(Wij.) 
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afier-brain  (wy).  From  each  of  these  six  divisions  de- 
finite structures  arise  whose  relations  to  the  secondary 
divisions  and  to  the  primary  vesicles  may  be  understood 
from  the  following  table  and  from  the  annexed  figure  (Fig. 
226),  which  represents  a  median  longitudinal  section  of 
the  brain  of  a  fetus  of  three  months. 


Myelencephalon       Medulla  oblongata  (I). 


3r(l  Vesicle, ^ 


r  Pons  (II  I). 
Metencephalon   |  Cerebellum    (II  2). 


Isthmus 


Brachia  conjunctiva  (Til). 
Cerebral   peduncles    (posterior 
portion). 


2nd  Vesicle, 


1st  Vesicle,, 


Mesencephalon 


Diencephalon 


Telencephalon 


Cerebral     peduncles    (anterior 
portion)     (IV  i). 
^  Corpora  quadrigemina  (IV  2). 

Pars  mammillaris  (V  i). 
Thalamus  (V  2). 
Epiphysis  (V  3). 

f  Infundibulum   (VI   i). 
Corpus  striatum  (VI  2). 
Olfactory  bulb  (VI  3). 
Hemispheres  (VI  4). 


But  while  the  walls  of  the  primary  vesicles  undergo  this 
complex  differentiation,  their  cavities  retain  much  more  per- 
fectly their  original  relations,  only  that  of  the  first  vesicle 
sharing  to  any  great  extent  the  modifications  of  the  walls. 
The  cavity  of  the  third  vesicle  persists  in  the  adult  as  the 
fourth  ventricle,  traversing  all  the  subdivisions  of  the  vesi- 
cle; that  of  the  second,  increasing  but  little  in  height  and 
breadth,  constitutes  the  aqtueductus  cerebri;  while  that  of 
the  first  vesicle  is  continued  into  the  cerebral  hemispheres  to 
form  the  lateral  ventricles,  the  remainder  of  it  constituting 
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the  third  vcnfrklc,  which  indudes  the  cavity  of  the  median 
portion  of  the  telencephalon  as  weil  as  the  entire  cavity  of  I 
the  diencephalon. 

During  the  differentiation  of  the  various  divisions  of  the 
brain  certain  flexures  appear  in  the  roof  and  floor,  and  to  a 
certain  extent  correspond  with  those  already  described  as 
occurring  in  the  embryo,  The  first  of  these  flexures  to 
appear  occurs  in  the  reg^ion  of  the  mid-brain,  the  first  vesicle 


being  Ijeiit  veniraily  until  it  comes  to  lie  at  practically  a 
right  angle  with  the  axis  of  the  mid-brain.     This  may  be  1 
termed  the  mid-brain  flexure  (Fig.  225,  mf)   and  corre- 
sponds with   the  head-l)end   of  the  embryo.     The   second  ] 
flexure  occurs  in  the  region  of  the  medulla  oblongata  and  , 
is  known  as  the  neck  flexure  {Fig.  225,  nf)  ;  it  corresponds 
with  the  similarly  named  bend  of  the  embryo  and  is  pro- 
duced by  a  bending  ventrally  of  the  entire  head,  so  that  the 
axis  of  the  mid-brain  comes  to  lie  almost  at  right  angles 
with  that  of  the  meilulla  and  that  of  the  first  vesicle  ftaraltel 
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with  it.  Finally,  a  third  flexure  occurs  in  the  region  of  the 
metenceplialon  and  is  entirely  i>eculiar  to  the  nervous  sys- 
tem; it  consists  of  a  bending  ventrally  of  the  floor  of  the 
hind-brain,  the  roof  of  this  portion  of  the  brain  not  being 
affected  by  it,  and  it  may  consequently  lie  known  as  the 
f<ons  Hexure. 

In  the  later  development  the  pons  flexure  practically  dis- 
appears, owing  to  the  development  in  this  region  of  the 
transverse  fibers  and  nuclei  of  the  pons,  but  the  mid-brain 
and  neck  flexures  persist,  though  greatly  reduced  in  acute- 
ness,  the  axis  of  the  anterior  portion  of  the  adult  brain 
being  inclined  to  that  of  the  medulla  at  an  angle  of  about 
134  degrees. 

The  Dei'dopmcnt  of  the  Mydcncephalon. — In  its  poste- 
rior portion  the  myelencephalon  closely  resembles  the  spinal 
cord  and  has  a  very  similar  development.  More  anteriorly, 
however,  the  roof-plate  (Fig.  227,  rp)  widens  to  form  an 
exceedingly  thin  membrane,  the  posterior  velum;  with  the 
broadening  of  the  roof-plate  there  is  associated  a  broaden- 
ing of  the  dorsal  portion  of  the  brain  cavity,  the  dorsal  and 
ventral  zones  bending  outward,  until,  in  the  anterior  por- 
tion of  the  after-brain,  the  margins  of  the  dorsal  zone  have 
a  lateral  position,  and  are,  indeed,  bent  ventrally  to  form 
a  reflected  lip  (Fig.  227).  The  portion  of  the  fourth 
ventricle  contained  in  this  division  of  the  brain  becomes 
thus  converted  into  a  broad  shallow  cavity,  whose  floor  is 
formed  by  the  ventral  zones  separated  in  the  median  line 
by  a  deep  groove,  the  floor  of  which  is  the  somewhat  thick- 
ened fliKir-pIate.  About  the  fourth  month  there  appears  in 
the  roof-plate  a  transverse  groove  into  which  the  surround- 
ing mesenchyme  dips,  and,  as  the  groove  deepens  in  later 
stages,  the  mesenchyme  contained  within  it  becomes  con- 
verted into  blood-vessels,  frmning  the  chorwid  plexus  of  the 
fourth  ventricle,  a  structure  which,  as  may  be  seen  from  its 


I 


414 


THE   MYELENCEPHALON. 


development,  does  not  lie  within  the  cavity  of  tlie  ventricle, 
but  is  separated  from  it  by  tbc  portion  of  the  roof-plate  1 
which  forms  the  floor  of  the  groove. 

In  embryos  of  about  9  mm.  the  differentiation  of  the  " 
(forsal  and  ventral  zones  into  ependymal  and  mantle  layers 
is  clearly  visible  (Fig.  227),  and  in  the  ventral  zone  the 
marginal  velum  is  also  well  developed.  Where  the  fibers 
from  the  sensory  ganglion  of  the  vagus  nerve  enter  the 
dorsal  zone  an  oval  area  (Fig.  227,  fs)  is  to  be  seen  which 
is  evidently  comparable  to  the  ova!  bundle  of  the  cord  and 


Fig.   227. — Thahsversc   Section   through   the    Medulla   Oblongata 

OF  AN  Embryo  of  9.1   mm. 
da.  Dorsal  Jione;  fp,  floor-plate;  fi.  fasciculus  solilarius;  1,  lip;  rp,  roof- 
plate;  vg.  ventral  zone;  X  and  Xll,  tenth  and  twelfth  nerves.— (Wh.) 


consequently  with  the  fasciculus  of  Burdach.  It  gives  rise 
to  the  solitary  fasciculus  of  adult  anatomy,  and  in  embryos 
of  1 1  to  13  inm.  it  becomes  covered  in  by  the  fusion  of  the  ■ 
reflected  lip  of  the  dorsal  zone  with  the  sides  of  the  myelen- 
cephalon,  this  fusion,  at  the  same  time,  drawing  the  mar- 
gins of  the  roof-plate  venlratly  to  form  a  secondary  lip 
(Fig.  228).  Soon  after  this  a  remarkable  migration  ven- 
trally  of  neuroblasts  of  the  dorsal  zone  begins.     Increasing 
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rapidly  in  number  the  migrating^  cells  pass  on  either  side 
of  the  solitary  fasciculus  toward  the  territory  of  the  ventral 
zone,  and,  passing  ventrally  to  the  ventral  portion  of  the 
mantle  layer,  into  which  fibers  have  penetrated  and  which 
becomes  the  formatio  reticularis  (Fig.  228,  fr),  they  dif- 
ferentiate to  form  the  olivary  body  {ol). 

The  thickening  of  the  floor-plate  gives  opportunity  for 
fibers  to  pass  across  the  median  line  from  one  side  to  the 
other,  and  this  opportunity  is  taken  advantage  of  at  an 
early  stage  by  the  axis-cylinders  of  the  neuroblasts  of  the 


.>/ 
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Fig.   Z26,— Transverse    Section   thhough   the   Medulla  Oblongata 

OF  AN  Embryo  of  adout  Eight  Weeks. 
Of,  Ascending  root  of  the  trigcminiis ;  fr,  reticiiUr  [ormalion ;  ol,  olivary 

body;  sf.  solitary  fasciculus;  tr,  rcstiform  body;  XII,  hypoglossal 

nerve.- (//i>.) 

ventral  zone,  and  later,  on  the  eatahlishnieiit  of  the  olivary 
lx>dies,  other  fibers,  descending  from  the  cerebellum,  de- 
cussate in  this  region  to  pass  to  the  olivary  body  of  the 
opposite  side.  In  the  lower  part  of  the  medulla  fibers  from 
the  neuroblasts  of  the  nuclei  of  Goll  and  Burdach,  which 
seem  to  be  developments  from  the  mantle  layer  of  the  dor- 
sal zone,  also  decussate  in  the  substance  of  the  floor-plate; 
these  fibers,  known  as  the  arcuate  fibers,  pass  in  part  to  the 
cerebellum,    associating    themselves   with   fibers   ascending 
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from  llie  spinal  curd  and  with  the  olivary  filitrs  to  form  : 
round  bniidle  situated  in  the  dorsal  portion  of  the  marginal 
velum  and  known  as  the  restiform  body  (Fig.  228,  tr). 

The  principal  difffrfntiations  of  the  zones  of  the  myelen- 
cephalon  may  be  stated  in  tabular  form  as  follows: 
Roof-plale,    Poslcrior  velum 

{Nuclei  of  lemiinalion  of  sensory   roots 
of  cranial  nclres. 
Nuclei  of  Goll  and  Burdach. 
The  olivary  bodies. 

{Nuclei  of  origin  of  the  motor  rools  of 
cranial  nerves, 
'I'lie  reticular  formation. 

Floor-plate The  median  raphe. 

The  Difi'lo/'iiuvit  of  lUc  Mclnicephalon  ami  Isthmus. — 
Our  knowledge  of  the  development  of  the  metencephalon, 
isthmus,  and  mesencephalon  is  by  no  means  as  complete  . 
as  is  that  of  the  myelencephalon.     The  pons  develops  as  a  | 
thickening  of  the  portion  of  the  brain  floor  which  forms  I 
the  anterior   wall  of  the  pons  flexure,  and   its  transverse  1 
tiljers  are  well  developed  by  the  fourth  month   (Mihalko- j 
vicz).  but  all  details  regiirding  the  origin  of  the  pons  nuclei  | 
are  as  yet  wanting.     If  one  may  argiie  from  what  occurs  | 
in  the  myelencephalon,  it  seems  probable  that  the  reticular  | 
formation  of  the  metencephalon  is  derived  from  the  ventral  I 
zone,  and  that  the  median  raphe  represents  the  floor-plate.  < 
I'nrtherniore.  the  relations  of  the  pons  nuclei  to  the  reticu- 
lar formation  on  the  one  hand,  and  its  connection  by  means  j 
of  the  transverse  pons  fibers  with  the  cerebellimi  on  the  \ 
other,  suggest  the  possibility  that  they  may  be  the  meten- 
cephalic    representatives    of    the    olivary    lK)dies    and    are 
formed  by  a  migration  vcntrally  of  neuroblasts  from  the 
dorsal  zones. 
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The  cerebellum  is  formed  from  the  dorsal  zones  and  roof- 
plate  of  the  melencephalon  and  is  a  thickening  of  the  tissue 
immediately  anterior  to  the  front  edge  of  the  posterior 
velum.  Tliis  latter  structure  has  in  early  stages  a  rhom- 
boidal  shape  (Fig.  229,  A)  which  causes  the  cerebellar 
thickening  to  appear  at  first  as  if  composed  of  two  lateral 
portions  inclined  oblifjuely  toward  one  another.  In  reality, 
however,  the  thickening  extends  entirely  across  the  roof  of 
the  brain  (Fig.  229,  B),  the  roof-plate  probably  being 
invaded  by  cells  from  the  dorsal  zones  and  so  giving  rise 
to  the  vermis,  while  the  lobes  are  formed  directly  from  the 
dorsal  zones.     During  the  second  month  a  groove  appears 


Fig.  Mg. — A.  Dorsal  Vitw  or  the  Brain 

MM.;  B,  Median  Longitudinal  SEcrtoN  a 

e,    Cerebellum ;    m.    mid-braiii.- 


iF  A  Rabbit  Eubrvo  of  16 
A  Calf  Embhvo  of  3  cm. 

■  (.Mihalkovics.) 


on  the  ventral  surface  of  each  lobe,  marking  out  an  area 
which  becomes  the  flocculus,  and  later,  during  the  third 
month,  transverse  furrows  appear  upon  the  vermis  dividing 
it  into  five  lobes,  and  later  still  extend  out  upon  the  lobes 
and  increase  in  number  to  produce  the  lametlale  structure 
characteristic  of  the  cerebellum. 

The  histogenetic  development  of  the  cerebellum  at  first 
proceeds  along  the  lines  which  have  already  been  described 
as  typical,  but  after  the  development  of  the  mantle  layer 
the  cells  lining  the  greater  portion  of  the  cavity  of  the 
ventricle  cease  to  multiply,  only  those  which  are  situated 
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in  the  roof-plate  of  the  metenccphaloii  and  along  the  Hne  ^ 
of  junction  of  the  cerebellar  thickening  with  the  roof-plate 
continuing;  to  divide.     The  indifferent  cells  formed  in  these 
regions  migrate  outward  from  the  median  line  and  forward 
in  the  marginal  velum  to  form  a  superficial  layer,  known  ■ 
as  the  epithelioid  layer,  and  cover  the  entire  surface  of  the  ] 
cerebellum.     The  cells  of  this  layer,  like  those  of  the  man- 
tle, differentiate  into  neuroglia  cells  and  neuroblasts,   the 
latter  for  the  most  part 
migrating  centrally   at 
a  later  stage  to  mingle 
with    the   cells   of    the 
mantle    layer    and 
become  transformed  in-  1 
to  the  granular  cells  of  I 
the    cerebellar    cortex. 
The  neuroglia  cells  re-  1 
main    at    the    surface,  | 
however,    forming   the  I 
princiijal  constituent  of  I 
the    outer    or,    as    it .] 
is  now  termed,  the  mo- -3 
Iccular    layer    of    thej 
cortex,    and    into 


:   Cerebellar 


Fir,.   230.— Diagram 

DirFEHENTI  Alios    ( 

Cells. 
The  circles,  indifTerent  cells;  circles  with 
dots,  neuroglia  cells;  shaded  cells,  ger- 
minal  cells;  circles  wilh  cross,  ger- 
minal cells  in  milosis;  black  cells, 
nerve-cells.      L.    Lateral    recess:    M. 

median   furrow,  and   R,   floor  of  /K,     ,i,_     ^p,„lrif(.e     nf 
fourth  ventricle.- (5-fAof«-.)  ^"^    neiKlrites    Or 

Purkinje    cells,    prt 
ahly  derived  from  the  mantle  layer,  project.     The  i 
tion  of  the  neuroblasts  of  the  epithelial  layer  is  prob; 
completed  before  birth,  at  which  time  hut  few  remain  i 
the  molecular  layer  to  form  the  stellate  cells  of  the  adult.  \ 
The  origin  of  the  dentate  and  other  nuclei  of  the  cerebellum  I 
is  at  present  unknown,  but  it  seems  probable  that  they  arise  I 
from  ceils  of  the  mantle  layer. 
The  nerve-fibers  which  form  the  medullary  substance  of  ' 
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the  cerebellum  do  not  make  their  appearance  until  about  the 
sixth  month,  .when  they  are  to  be  found  in  the  ependymal 
tissue  on  the  inner  surface  of  the  layer  of  granular  cells. 
Those  which  are  not  commissural  or  associative  in  function 
converge  to  the  line  of  junction  of  the  cerebellum  with 
the  pons,  and  there  pass  into  the  marginal  velum  of  the 
pons,  myelencephalon,  or  isthmus  as  the  case  may  be. 

The  dorsal  surface  of  the  isthmus  is  at  first  barely  dis- 
tinguishable from  the  cerebellum,  but  as  development  pro- 
ceeds its  roof-plate  undergoes  changes  similar  to  those 
occurring  in  the  medulla  oblongata  and  becomes  converted 
into  the  anterior  velum.  In  the  dorsal  portion  of  its  mar- 
ginal velum  fibers  passing  to  and  from  the  cerebellum  ap- 
pear and  form  the  brachia  conjunctiva,  while  ventrally 
fibers,  descending  from  the  more  anterior  portions  of  the 
brain,  form  the  cerebral  peduncles.  Nothing  is  at  present 
known  as  to  the  history  of  the  gray  matter  of  this  division 
of  the  brain,  although  it  may  be  presumed  that  its  ventral 
zones  take  part  in  the  formation  of  the  tegmentum,  while 
from  its  dorsal  zones  the  nuclei  of  the  brachia  conjunctiva 
are  possibly  derived. 

The  following  table  gives  the  origin  of  the  principal  struc- 
tures of  the  metencephalon  and  isthmus: 

Roof-olate  /  Posterior  velum.  Anterior  velum. 
i  Vermis  of  cerebellum. 

Lobes  of  cerebellum.  Brachia   conjunctiva 

Flocculi. 

Nuclei    of    termination   of 

sensory   roots   of  cranial 

nerves. 
Pons  nuclei. 

Nuclei  of  origin  of  motor  Posterior  part  of  cere- 
roots   of   cranial    nerves.       bral  peduncles. 
Reticular  formation.  Posterior  part  of  teg- 

mentum. 

Floor-plate, Median  raphe.  Median  raphe. 


Dorsal  zones, 


Ventral  zones, 
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The  Dei-ch'j'ment  of  the  Mesencephalon. — Our  knowl- 
etlge  of  the  development  of  tliis  portion  of  the  brain  is  again 
very  imperfect.     During  the  stages  when   the  fjexnres  o^ 
the  brain  are  well  marked  (Figs.  225  and  lid)  it  forms  e 
very  prominent  structure  and  jmssesses  for  a  time  a  capa- 
cious cavity.     Later,  however,  it  increa.';es  in  size  less  rap- 
idly than  adjacent  parts  and  its  walls  thicken,  the  roof-  and  ^^— 
floor-plates  as  well  as  the  zones,  and,  as  a  result,  the  cavity^^H 
becomes  the  relatively  smaller  canal-like  cerebral  aquccduct^^^H 
In  the  marginal  velum  of  its  ventral  zone  fibers  appear  31,^^1 
about  the  third  month,  forming  the  anterior  portion  of  the^^| 
cerebral  pedimcles,  and,  at  the  same  time,  a  median  Iongt-^^| 
tudinal  furrow  appears  upon  the  dorsal  surface,  dividing  il 
into  two  lateral  elevations  which,  in  the  fifth  month,  are 
divided  transversely  by  a  second  furrow  and  are  thus  con- 
verted from  corpora  bigemina   (in  which  fonn  they  arej 
found  in  the  lower  vertebrates)  into  corpora  qiiadrigemitut.T 

Nothing  is  known  as  to  the  differentiation  of  the  gray  mat-H 
ter  of  the  dorsal  and  ventral  zones  of  the  miil-brain.    Fronl| 
the  relation  of  the  parts  in  the  adult  it  seems  probable  that  i 
addition  to  the  nuclei  of  origin  of  the  oculoinotur  and  trochlear^ 
nerves,  the  ventral  zones  give  origin  to  the  gray  matter  of  thi  ' 
tegmentum,  which  is  the  forward  continuation  of  the  reticulai 
formation.     Similarly   it   may   be  supposed  that   the   corpora 
quadrigcniina  are  developments  of  the  dorsal  zones,  as  ni 
also  be  the  red  nuclei,  whose  relations  to  the  brachia  conjw 
liva  suggest  a  comparison  with  the  olivary  bodies  and  1 
nuclei  of  the  pons. 

A  tenlalive  scheme  representing  the  origin  of  the  niid-braii^ 
structures  may  be  stated  thus: 
Root-plate (?) 

„         .  I  Corpora  quadriccmiiiii. 

Dorsal  zones t  R  d  nu  I 

(Nuclei   of  origin   of   ihc   lliird   and| 
fourth  11 
.Anienor  pari  of  leBmenlnm. 
Anterior  pari  of  cerebral  iicdimcles.  ' 
Floor-plate,   Median  raphe. 
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The  Dez'clopmcut  of  the  Dienccphalon. — A  transverse 
section  through  the  diencephalon  of  an  embryo  of  atraut  five 
weeks  (Fig.  231)  shows  dearly  the  differentiation  of  this 
portion  of  the  brain  into  tlie  typical  zones,  the  roof-plate 
(rp)  being  represented  by  a  thin-watted,  somewhat  folded 
area,  the  flour-plate  (//>)  by  the  tissue  forming  the  floor  of 
a  well-marked  ventral  groove,  while  each  lateral  wall  is 
divided  into  a  dorsal  and  ventral  zone  by  a  groove  known  as 
the  sulcus  Monro!  (Sin),  which 
extends  forward  and  ventralty 
toward  the  point  of  origin  of 
the  optic  evagination  ( Fig. 
233).  At  the  posterior  end 
of  the  ridge-like  elevation 
wliich  represents  the  roof-plate 
is  a  rotindefl  elevation  (Fig. 
^3^.  P)  which,  in  later  stages, 
elongates  nntil  it  almost  reaches 
the  dermis,  forming  a  hollow 
evagination  of  the  brain  roof 
known  as  the  pineal  process. 
The  distal  extremity  of  this 
process  enlarges  to  a  sac-like 
structure  which  later  becomes 
loljed,  and,  Iiy  an  active  pro- 
liferation of  the  cells  lining  the  cavities  of  the  various  lobes, 
finally  Ijecomes  a  solid  structure,  the  pineal  body.  The 
more  proximal  portion  of  the  evagination,  remaining  hol- 
low, forms  the  pineal  stalk,  and  the  entire  structure,  body 
and  stalk,  constitutes  what  is  known  as  the  epiphysis. 

The  significance  of  this  organ  in  the  Mammalia  is  doubtful. 
In  the  Reptilia  and  other  lower  forms  the  outgrowth  is  double, 
a  secondary  outgrowth  arising  from  the  base  or  from  the 
anterior  wall  of  the  primary  one.  This  anterior  evagination 
elongates  until  it  reaches  the  dorsal  epidermis  of  the  head,  and, 


Sec- 
THE  Diencephalon 
OF  AN  Embhvo  of  FrvE 
Weeks. 
ds,  Dorsal  zone;  ^/>,  floor-plale; 
rp.  roof-plate;  Sm.  sulcus 
Monroi;   vs.   ventral   zone.— 
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there  expanding,  develops  into  an  unpaired  eye,  the  epidermis 
which  overhes  it  becoming  converted  into  a  transparent  cor- 
nea. In  the  Maniniatia  this  anterior  process  does  not  develop 
and  the  epiphysis  in  these 
forms  is  comparable  only  to 
the  posterior  process  of  the 
RcptiHa. 

In  addition  to  the  epiphy- 
sial evaginations,  another 
evagination  arises  from  the 
roof-plate  of  the  first  brain 
vesicle,  further  forward,  in 
the  region  which  becomes  the 
median  portion  of  the  telen- 
cephalon. This  paraphysis,  as 
it  has  been  called,  has  been 
observed  in  the  lower  verte- 
brates and  in  the  Marsupials 
(Selenka),  but  up  to  the  pres- 
ent has  not  been  found  in,. 
other  groups  of  the  Mamma- 
It  seems  to  be  compar- 
able to  a  cliorioid  plexus 
which  is  evaginated  from  the 
brain  surface  instead  o£ 
being  invaginated  as  is  ti5->' 
ually  the  case.  There  is 
evidence  that  a  paraphysis 
developed  in  the  hums 
brain. 

The  portion  of  the  i 
plate  which  lies  in  front  ( 
the  epiphysis  represents  1 
velum   inteqiosituni   of 
adult  brain,  and  it  forms  afl 
first  a  distinct  ridge   (Fig.l^ 
232).     At  an  early  5t3ge,rB 
however,  it  becomes  reduced  f 
Lifrace  of  which  blood-vessels, 
developing  in  the  surrounding  mesenchyme,  arrange  them- 
selves at  alKUit  the  Iliinl  month  in  two  lungitiulinal  plexuses. 


I 


Fio,  aja.^DoBSAL  View  of  the 
Brain,  the  Roof  of  the  Lat- 
eral Ventricles  beikg  Re- 
moved, OF  AN  Embkvo  of  13,6 

UM. 

b,  Superior  brachium ;  eg.  laleral 
geniculale  body ;  cf.  chorioid 
plexus ;  cqa.  anterior  corpus 
qiiadr [gem ilium ;  h,  hippocam- 
pus; hf.  liippocHinpal  fissure;  i>t. 
thalamus ;  J,  pinca!  body ;  rp, 
root-plaie.— (Hii.) 

to  a  thin  membrane  upon  the 
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wfiich,  with  the  suhjacent  portions  of  the  velum,  become 
invaginated  into  the  cavity  of  the  third  ventricle  to  form 
its  chorioid  plexus. 

The  dorsal  zones  thicken  in  their  more  dorsal  and  ante- 
rior portions  to  form  massive  structures,  the  ihalami  (Fig^s, 
226,  V2,  and  232,  ol),  which,  encroaching  upon  the  cavity 
of  the  ventricle,  transform  it  into  a  narrow  sht-like  space, 
so  narrow,  indeed,  that  at  about  the  fifth  month  the  inner 
surfaces  of  the  two  thalami  come  in  contact  in  the  median 
Hne,  forming  what  is  known  as  the  inlermediate  mass. 
More  ventrally  and  posteriorly  another  thickening  of  the 
dorsal  zone  occurs,  giving  rise  on  each  side  to  the  pulvinar 
of  the  thalamus  and  to  a  lateral  geniculate  body,  and  two 
ridges  extending  backward  and  dorsally  from  the  latter 
structures  to  the  thickenings  in  the  roof  of  the  mid-brain 
which  represent  the  anterior  corpora  quadrigemina,  give  a 
path  along  which  the  nerve-fibers  which  constitute  the  supe- 
rior quadrigeminal  brachia  pass. 

From  the  ventral  zones  what  is  known  as  the  hypothala- 
mic region  develops,  a  mass  of  fibers  and  cells  whose  rela- 
tions and  development  are  not  yet  clearly  understood,  but 
which  may  be  regarded  as  tlie  forward  continuation  of  the 
tegmentum  and  reticular  formation.  In  the  median  line  of 
tlie  floor  of  the  ventricle  an  unpaired  thickening  appears, 
representing  the  corpora  tnamillaria,  which  during  the  third 
month  becomes  divided  by  a  median  furrow  into  two  rounded 
eminences;  but  whether  these  structures  and  the  posterior 
portion  of  the  tuber  cinereum,  which  also  develops  from  this 
region  of  the  brain,  are  derivatives  of  the  ventral  zones  or 
of  the  floor-plate  is  as  yet  uncertain. 

Assuming  that  the  maniillaria  and  the  tuber  cinereum  are 
derived  from  the  ventral  zones,  the  origins  of  the  structures 
formed  from  the  walls  of  the  diencephalon  may  be  tabulated  as 
follows : 
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r,     ,    ,  .  I  Velum  inlerpositum. 

Root-plate, Jr--.      ■ 

I  Epiphysis. 

(Thalami. 
Pulvinares, 
Lalcral  geniculate  bodies. 
{Hypothalamic  region. 
Corjiora  ma  mill  aria. 
TuhiT  cinereum  (in  pari). 
Floor-plalc Tissue  of  mid-ventral  Im&.J 

The  Developmcnl  of  the  Telcncef'halon. — For  coiivemeSS^ 
of  description  the  telencephalon  may  be  regarded  as  con- 
sisting of  a  median  portion,  which  contains  the  anterior  part 
of  the  third  ventricle,  and  two  lateral  outgrowths  which  con-J 
stitiite  the  cerebral  hemispheres.     The  roof  of  the  median] 
portion   undergoes   the   same   transformation   as   does   the' 
greater  portion  of  that  of  the  diencephalon  and  is  converto 
into  the  anterior  part  of  the  velum  interpositum  (Fig,  226^ 
11).     Anteriorly  this  passes  into  the  anterior  wall  of  th«a 
third  ventricle,  tlie  lamina  tcrminalis  (It),  a  structure  whid 
is  to  be  regarded  as  fonned  by  the  union  of  the  dorsal  zoneftl 
of  opposite  sides,  since  it  lies  entirely  dorsal  to  the  anterior^ 
end  of  the  sulcus  Monroi,     From  the  ventral  part  of  1 
dorsal  zones  the  optic  evaginations  are  formed,  a  depressioi 
the  optic  recess  (or),  marking  their  point  of  origin. 

The  ventral  zones  are  but  feebly  fieveloped,  and  form  t 
anterior  part  of  the  hypothalamic  region,  while  at  the  an^ 
rior  extremity  of  the  floor-plate  an  evagination  occurs,  t 
infundibular  recess  (ir).  which  elongates  to  form  a  fui 
shaped  structure  known  as  the  hypophysis.    .'Xtitsextremitij 
the  hypophysis  comes  in  contact  during  the  fifth  week  \ 
the  enlarged  extremity  of   Rathke's  pouch   formed  by  : 
invagination  of  the  roof  of  the  oral  sinus  (see  p.  301 ).  and] 
applies  ilsclf  closely  to  the  jKisterior  surface  of  this  (Fig. T 
2ig)  to  form  with  it  the  pituitary  body.     The  anterior  lobe  1 
at  an  early  stage  separates  from  the  mucous  membrane  of  | 
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Se  oral  sinus,  the  stalk  by  which  it  was  attached  completely 
disappearing;,  and  toward  the  end  of  the  second  month  it  be- 
gins to  send  out  processes  from  its  wails  into  the  surrounding 
mesenchyme  and  so  becomes  converted  into  a  mass  of  solid 
epithelial  cords  embedded  in  a  mesenchyme  rich  in  blond  and 
lymphatic  vessels.  The  cords  later  on  divide  transversely 
to  a  greater  or  less  extent  to  form  alveoli,  the  entire  struc- 
ture coming  to  resemble  somewhat  the  parathyreoid  bodies 
(see  p.  315).  and,  like  these,  having  the  function  of  pro- 


FiG.  23J.— Mehian  Lonoituwnat,  Settion  of  the  !1rain  of  an  Em- 

BKYO    OF    16.3    MM. 

br,  Anterior  brachium;  eg,  coipus  geniculalum  latcrale;  cs.  corpus 
sirialiim;  h,  cerebral  hemisphere;  I'r.  infundibular  recess;  /(, 
lamina  terminalis;  or,  optic  recess;  ot.  ihalamus;  p.  pinral  process; 
sm,  sulcus  Monroi;  st.  hypothalamic  region  t  m.  velum  inlerposi- 
lum.-(H«.) 

ducing  an  internal  secretion.  Tlie  posterior  lobe,  derived 
from  the  brain,  retains  its  connection  with  that  structure,  its 
stalk  being  the  infmidibulmn,  but  its  terminal  portion  does 
not  undergo  such  extensive  modifications  as  does  the  ante- 
rior lobe,  although  it  is  claimed  that  it  gives  rise  to  a  glandu- 
lar epithelium  which  may  become  arranged  so  as  to  form 
alveoli. 

The  cerebral   hemispheres  are   formed   from   the  lateral 
37 


426 


THE  TELKNCEPHAI^N. 


portions  of  the  dorsal  zones,  each  possessing  also  a  prolonga- 
tion of  the  roof -plate.     From  the  more  ventral  portion  of  ] 
each  dorsal  zone  there  is  formed  a  thickening,  the  corpus  * 
siriaium  (Figs.  233,  cs,  and  226,  VI  2),  a  structure  which 
is  for  the  telencephalon  what  the  optic  thalamus  is  for  the 
diencephalon,  while  from  the  more  dorsal  portion  there  is 
formed  the  remaining  or  mantle  {palltal)  portions  of  the  . 
lieniispheres   (Figs.  zt^},.  h.  and  226.  VI  4).     When   first  I 
formed,  the  hemispheres  are  slight  evaginations  from  the  1 
median  portion  of  the  telencephalon,  the  openings  by  which  J 
their  cavities  communicate  with  the  third  ventricle,  the  inter- 
vnitricular  foramina,  being  relatively  very  large  (Fig.  233), 
but,  in  later  stages  (Fig.  226),  the  hemispheres  increase] 
more  markedly  and  eventually  surpass  all  the  other  portions* 
of  the  brain  in  magnitude,  overlapping  and  completely  con- 
cealing the  roof  and  sides  of  the  diencephalon  and  mesen- 
cephalon and  also  the  anterior  surface  of  the  cerebellum. 
In  this  enlargement,  however,  the  interventricular  foramina  J 
share  only  to  a  slight  extent,  and  consequently  become  rela-  1 
lively  smaller  (Fig.  226),  fonning  in  the  adult  merely  slit-iJ 
like  openings  lying  between  the  lamina  terminalis  and  1 
tbalami  and  having  for  their  roof  the  anterior  portion  of  th^ 
velum  interpi^situm. 

The  velum  interposituni, — that  is  to  say,  the  roof-plate,-' 
where  it  forms  the  roof  of  the  interventricular  foramen,  i 
prolonged  out  upon  the  dorsal  surface  of  each  Iiemisphei 
and,  becoming  invaginatcd,   forms  ujxjn  it  a  groove, 
the  hemispheres,  increasing  in  height,  develop  a  mesial  wall«] 
the  groove,  which  is  the  so-called  (horioidal  fissure,  corneal 
to  lie  along  the  ventral  edge  of  this  wall,  and  as  the  growth  I 
of  the  hemispheres  continues  it  Iwcomes  more  and  more  elon- 
gated, being  carried  at  first  backward  (Fig.  234),  then  ven- 
trally,  and  finally  forward  to  end  at  the  tip  of  the  temporal  ' 
lobe.     After  the  establishment  of  the  grooves  the  mesen- 
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tne  in  their  vicinity  dips  into  tlicm,  and,  developing  blood- 
vessels, Ijecomes  the  chorinid  plexuses  of  the  lateral  ven- 
tricles, and  at  first  these  plexuses  grow  much  more  rapidly 
than  the  ventricles,  and  so  fill  them  almost  completely.  Later, 
however,  the  walls  of  the  hemispheres  gain  the  ascendancy 
in  rapidity  of  growth  and  the  plexuses  become  relatively 
much  smaller.  Since  the  portions  of  the  roof-plate  which 
form  the  chorioidal  fissures  are  continuous  with  the  veliun 
interpositum  in  the  roofs  of  the  interventricular  foramina, 
the  chorioid  plexuses  of  the  lateral  and  third  ventricles  be- 
come continuous  also  at  that  point 

The  mode  of  growth  of  the  chorioid  fissures  seems  to 
indicate  the  mode  of  growth  of 
the  hemispheres.  At  first  the 
growth  is  more  or  less  equal  in 
all  directions,  but  later  it  be- 
comes more  extensive  posteriorly, 
there  being  more  room  for  ex- 
p,-insion  in  that  direction,  and 
when  further  extension  backward 
becomes  difficult  the  posterior  ex- 
tremities of  the  hemispheres  bend 
ventrally  toward  the  base  of  the 
cranium,  and  reaching  this,  turn 
forward  to  form  the  temporal 
lobes.  As  a  result  the  cavities  of 
the  hemispheres,  the  lateral  ven- 
tricles, in  addition  to  tieing  carried  forward  to  form  an 
anterior  horn,  are  also  carried  backward  and  ventrally 
to  form  tlie  lateral  or  descending  horn,  and  the  corpus 
striatum  likewise  extends  backward  to  the  tip  of  each  tem- 
poral lobe  as  a  slender  process  known  as  the  tail  of  the 
caudate  nucleus.  In  addition  to  the  anterior  and  lateral 
horns,    the    ventricles   of    the    human    brain    also    possess 


Fig.  234. — Median  Longi- 
TUDiNAL-  Section  ok  the 
Bbaik  of  an  Embrvo 
Calf  df  s  cm. 

cb,  Cerebellum;  cp,  chorioid 
plexus ;  ci,  corpus  stria- 
nim;  fM,  inlerventricular 
foramen;  in,  hypophysis; 
m,  mid-brain ;  oc.  Optic 
commissure ;  f,  posterior 
pan  of  [he  diencephalon. 
^(Mih  alkovics. ) 
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posterior  horns  extending  backward  into  the  occipital  por-fl 
tions  of  the  hemispheres,  these  portions,  on  account  o£  thft 
greater  persistence  of  the  mid-brain  flexure   (see  p.  4i2),J 
being  enabled  to  develop  to  a  greater  extent  than  in  the  lowerl 
mammals. 

The  scheme  of  the  origin  of  parts  in  the  telencephalon 
may  be  stated  as  follows : 

„     ,    ,  1  Anterior  part  o£  Velum  i  Floor  of  chorioidal   fia-j 

f'^^f-P'""^ {     interposilmn.  I     sure 

■  PaHium. 
I  Lamina  terminalis.  Corpus  striatum. 

Uorsal  zones,  ■- ■  ■,  Qptjc  evaginations.  1   Olfai-lory    lobes    (sec   p,| 

433)- 

rAntcrior  part  of  hypo- 
,.     ,     ,  thalamic  region. 

Ventral  zones,  ..■;..-  r     ,   ,  ^ 

Anterior    part    of    tuber 

[    cinereuin. 


The  Convolutioits  of  the  Hemispheres. — The  growth  oij 
the  hemispheres  to  form  the  voluminous  structures  foimcIS 
in  the  adult  depends  mainly  upon  an  increase  of  size  of  t 
pallium.     The  corpus  striatum,  although  it  takes  part  itt 
the  elongation  of  each  hemisphere,  nevertheless  does  i 
increase  in  other  directions  as  rapidly  and  extensively  i 
the  pallium,  and  hence,  even  in  very  early  stages,  a  depre 
sion  appears  u\K>n  the  surface  of  the  hemispheres  where  t 
corpus  is  situated  ( Fig.  275 ) .     This  depression  is  the  lalertA 
cerebral  fossa,  and  for  a  considerable  period  it  is  the  only 
sign  of  ineqnaiity  of  growth  on  the  outer  siu-faces  of  the! 
hemispheres.     Upon  the  mesial  surfaces,  however,  at  about  I 
the  time  that  the  chorioid  fissure  appears,  another  linear  J 
depression  is  formed  dorsal  to  the  chorioid,  and  when  fully  ' 
formed  extends  from  in  front  of  the  interventricular  fora- 
men to  the  tip  of  the  temporal  lobe  (Fig.  237. /i).     It  affects 


THE   CEREBRAL   CONVOLUTIONS. 


429 


the  entire  thickness  of  the  pallial  wall  and  consequently  pro- 
duces an  elevation  upon  the  inner  surface,  a  projection  into 
the  cavity  of  the  ventricle  which  is  known  as  the  hippocam- 
pxis,  whence  the  fissure  may  be  termed  the  hippocampal  fis- 
sure. The  portion  of  the  pallium  which  intervenes  between 
this  fissure  and  the  chorioidal  forms  what  is  known  as  the 
dentate  gyrus. 

Toward  the  end  of  the  third  or  the  beginning  of  the  fourth 
month  two  prolonga- 
tions arise  from  the 
fissure  just  where  it 
turns  to  be  continued 
into  the  temporal  lobe, 
and  these,  extending 
posteriorly,  give  rise 
to  the  parieto-occipital 
and  calcarine  fissures. 
Like  the  hippocampal, 
these  fissures  produce 
elevations  upon  the  in- 
ner surface  of  the  pal- 
lium, that  formed  by 
the  parieto-occipital 
early  disapi^aring,  while  that  produced  by  the  calcarine 
persists  to  form  the  calcar  {hippocampus  minor)  of  adult 
anatomy. 

The  three  fissures  just  described,  together  with  the 
chorioidal  and  tlie  lateral  cerebral  fossa,  are  all  formed  by 
the  beginning  of  the  fourth  month  and  all  affect  the  entire 
thickness  of  the  wall  of  the  hemisphere,  and  hence  have 
been  termed  the  primary  or  total  fisstircs.  Until  the  begin- 
ning of  the  fifth  month  they  are  the  only  fissures  present, 
but  at  that  time  secondary  fissures,  which,  with  one  excqi- 
tion,   are   merely   furrows  of  the  surface  of   the   pallium, 


Ftg.  iJS.^BsAiN 


AN  Embryo  or  the 

P.  pons,  J,  lateral  cere- 
bra  fossa. 
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make  their  appearance  ami  continue  to  form  until  birtl 
anil  p^wsilily  later.  Before  considcrinjj  these,  lioweve 
certain  changes  which  occur  in  the  neighborhood  of  tb 
lateral  cerebral  fossa  may  be  described. 

Tiie  fossa  is  at  first  a  triangular  depression  situated 
above  the  temporal  lobe  on  the  surface  of  the  hemisphere. 
During  the  fourth  month  it  deepens  considerably,  so  that  J 
its  upper  and  lower  margins  become  more  pronounced  aiii 


Fic.  ajft.— Cr-iiEnBAi.  Hf.mim'hebe  <.f  an  Emhkvo  of  AimcT  thr  Seventh 

Month, 
J.  Superior  frontal  *ulcus:  ip.  inlcrpatictal ;  IR.  insula;  fd.  iiifi^ior 

pre-cenlral:  pes.  superior  prc-ccniral;  ftc.  posi-ccnlral;  R.  central; 

S,  lateral;  (',  first  temporal.— (Chhn  ins  hum.) 


form  projecting  folds,  and,  during  the  fifth  month.  the.ie 
two  folds  approach  one  another  and  eventually  ci)\er  in  the 
noor  of  the  fossa  completely,  the  groove  which  marks  the 
line  of  their  contact  forming  the  lateral  cerebral  fissure, 
while  the  fitxir  of  the  fossa  becomes  known  as  the  inxtilti.       ' 

The  first  of  the  secondary  fissures  to  appear  is  the  sulcus 
ci»£uti,  which  is  formed  alvmt  the  middle  of  the  fifth  month 
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on  the  mesial  surface  of  the  hemispheres,  lying  parallel  to 
the  anterior  portion  of  the  hippocampus  fissure  and  divid- 
ing the  mesial  surface  into  the  gyri  marginalis  and  fomi- 
catus.  A  little  later,  at  the  beginning  of  the  sixth  month, 
several  other  fissures  make  their  appearance  upon  the  outer 
surface  of  the  pallium,  the  chief  of  these  being  the  central 
sulcus,  the  inter-parietal,  the  pre-  and  post-central,  and  the 
temporal  sulci,  the  most  ventral  of  these  last  running  paral- 
lel with  the  lower  portion  of  the  hippocampal  fissure  and 
differing  from  the  others  in  forming  a  ridge  on  the  wall 
of  the  ventricle  termed  the  collateral  eminence,  whence  the 
fissure  is  known  as  the  collateral.  The  position  of  most  of 
these  fissures  may  be  seen  from  Fig.  236,  and  for  a  more 
complete  description  of  them  reference  may  be  had  to  text- 
books of  descriptive  anatomy. 

In  later  stages  numerous  tertiary  fissures  make  their 
appearance  and  mask  more  or  less  extensively  the  seconda- 
ries, than  which  they  are,  as  a  rule,  much  more  inconstant 
in  position  and  shallower. 

The  Corpus  Callosum  and  Fornix. — While  these  fissures 
have  been  forming,  important  structures  have  developed 
in  connection  with  the  lamina  terminalis.  Up  to  about  the 
fourth  month  the  lamina  is  thin  and  of  nearly  uniform 
thickness  throughout,  but  at  this  time  it  begins  to  thicken 
near  its  dorsal  edge  and  fibers  appear  in  the  thickening, 
converting  it  into  the  anterior  commissure.  Immediately 
above  and  in  front  of  the  upper  edge  of  the  lamina  ter- 
minalis the  medial  walls  of  the  two  cerebral  hemispheres 
come  into  contact  and  fuse,  and  the  area  of  fusion  soon 
becomes  continuous  with  the  thickened  upper  edge  of  the 
lamina  (Fig.  237).  In  later  stages  the  area  of  concres- 
cence of  the  hemispheres  extends  both  anteriorly  and  pos- 
teriorly and  assumes  the  form  of  a  triangle  with  its  apex 
directed  backwards.     In  the  dorsal  portion  of  the  triangle 
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fibers  extend  acruss  from  the  pallium  of  one  lieinispliere  t 
that  of  the  other.and  form  tlie  corpus  caUoswn  { Fig.  238) , 
while  in  its  ventral  edge  other  fibers  extend  from  the  hippo- 
campus to  the  lamina  terniinalis,  and,  descending  in  tliat 
striiclnrc,  pass  posteriorly  in  the  floor  of  the  third  ventricle 
toward  the  corpora  maniillaria.  These  fibers  constitute  the 
fornix,  whose  peculiar 
course  in  the  adult 
brain  may  be  under- 
stood by  a  consideration 
nf  the  rotation  of  the 
hemispheres  durin; 
growth  which  resulfl 
in  the  fonnation  of  t 
temporal   lobe    (see 

The  portion  of 
triangle     included 
tween  the  callosum  a 
the  fornix  remains  t 
and   forms  the  septtt 
pdlucuittnt,  and  a  s 
occurring  in  the  c 
of  this  gives  rise  to  tf 
so-called  fifth  ventfici^ 
which,   from  its  1 
of  formation, 
plctely  closed  cavity  and  is  not  lined  with  ependymal  tisj 
of    the   same    nature    as    Ihat    found    in    tlie    other 
tricles. 

Owing  to  the  very  considerable  size  reached  by  the  i 
of  concrescence  of  the  hemispheres,  whose  historj-  has  juaj 
been  described,  important  changes  arc  wrought  in  the  ; 
joining  jiortions  of  the  mesial  surface  of  the  hemispheresJJ 
Before  the  development  of  the  area  the  gyrus  dentatus  andj 


Fig.  237, — Median  Longituowal  Sec- 
tion OF  THE  Brain  of  an  Embrvo  or 
Fouii  Months. 

c,  Calcarine  fissure;  ea.  anierior  commis- 
sure; cc,  corpus  callosum;  cf,  chori- 
oidal  fissure;  dg,  dentate  gyrus;  fm, 
iniervetitrkuiar  foramen ;  h,  hip(K>- 
campal  fissure ;  f o,  paricto-occi(>ital 
fissure. — {Mihalkomee.) 
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the  hippocampus  extend  forward  into  tlie  anterior  portion 
of  the  hemispheres  (Fig.  2^y),  but  on  account  of  their  posi- 
tion they  become  encroached  upon  by  the  enlargement  of 
the  corpus  callosum, 
with  the  result  that 
tlie  hippocampus  be- 
comes practically  ob- 
literated in  that  por- 
tion of  its  course 
which  lies  in  the  re-  cc 
gion  occupied  by  the 
corpus  callosum,  its 
fissure  in  this  region 
becoming  known  as 
the  callosal  fissure, 
while  the  correspond- 
ing portions  of  the 
dentate  gyros  become 
reduced  to  narrow 
and  insignificant  bands 
of  nerve-tissue  which  rest  upon  the  upper  surface  of  the 
corpus  callosum  and  are  known  as  the  lateral  longitudinal 
stria. 

Some  doubt  stil!  exists  as  to  the  exact  mode  of  formation 
of  the  fifth  ventricle.  Some  authors  maintain  that  it  is  a  por- 
tion of  the  longitudinal  fissure  of  the  cerebrum,  separated  from 
(he  rest  by  tlie  forward  growth  of  the  corpus  callosum  and 
finally  closed  by  the  secondary  union  of  the  rostrum  with  ti>e 
lamina  terminalis. 

The  Olfactory  Lobes. — At  the  time  when  the  cerebral 
hemispheres  liegin  to  enlarge — that  is  to  say.  at  about  the 
fourth  week— a  slight  furrow,  which  appears  on  the  ven- 
tral surface  of  each  anteriorly,  marks  off  an  area  which, 
continuing  to  enlarge  with  the  hemispheres,  gradually  be- 
comes constricted  off  from  them  to  form  a  distinct  lobe-like 
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struclure,  the  olfactory  lobe   (Fig.  219,  VI  3).     In  mo! 
of  the  lower  mammalia  these  lolies  reach  a  very  consider^ 
able  size,  and  consequently  have  been  regarded  as  consti 
tilting  an  additional  division  of  the  brain,  "known  as  tin 
rhincnccphalon,  but  in  man  they  remain  smaller,  and  ; 
though  tliey  are  at  tirst  hnllow,  containing  prolongatio; 
from  the  lateral  ventricles,  the  cavities  later  on  disappea] 
and  the  loljes  become  solid.     Each  lobe  becomes  differen 
tiated  into  two  portions,  its  terminal  portion  liecoming'  coi 
verted  into  the  club-shaped  structure,  the  olfactory  bulb  aiw 
stalk,  while  its  proximal  portion  gives  rise  to  the  olfactory 
tracts,  the  trigone,  and  the  anterior  perforated  substance. 

Histogenesis  of  the  Cerebral  Cortex. — A  satisfactod 
study  of  the  histogenesis  of  the  cortex  lias  not  yet  I 
made.  In  embryos  of  three  months  a  marginal  velum  i 
present  and  probably  gives  rise  to  the  stratum  zonale  t 
the  adult  brain;  beneath  this  is  a  cellular  layer,  perhapi 
representing  the  mantle  layer;  beneath  this,  again,  a  layej 
of  nerve-fibers  is  beginning  to  appear,  representing  thi 
white  sul)slance  of  the  pallium;  and,  finally,  lining  1 
ventricle  is  an  ependynial  layer.  In  embryos  of  the  f 
month,  toward  the  innermost  part  of  the  second  layer,  < 
are  beginning  to  differentiate  into  ihe  large  pyramidal  c 
but  almost  nothing  is  known  as  to  the  origin  of  the  t 
layers  recognizable  in  the  adult  cortex,  nor  is 
whether  any  migration,  similar  to  what  occurs  in  the  c 
bellar  cortex,  takes  place,  The  fibers  of  the  white  ! 
stance  do  not  liegin  to  acquire  their  myelin  slieaths  tintl 
toward  the  end  of  the  ninth  month,  and  the  process  Is  1: 
completed  until  some  time  after  birth  (Flecbsig),  whi 
the  fil>ers  of  the  cortex  continue  to  undergo  niyelinatiol 
until  comparatively  late  in  life  (Kaes). 

The  Development  of  the  Spinal  Nerves. — It  has  alreadyl 
been  seen  thai  there  is  a  fundamental  difference  in  the  mode4 
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of  development  of  the  two  roots  of  which  the  typical  spinal 
nerves  are  composed,  the  ventral  root  being  formed  by  axis- 
cylinders  which  arise  from  neuroblasts  situated  within  the 
substance  of  the  spinal  cord,  while  the  dorsal  roots  arise 
from  the  cells  of  the  neura!  crests,  their  axis-cylinders  grow- 
ing into  the  substance  of  the  cord  while  their  dendrites 
bec<inie  prolonged  periplierally  to  form  the  sensory  fibers 
nf  the  nerves.  Tliroiighont  the  thoracic,  lumbar  and  sacral 
regions  of  the  cord  the  fibers  wliich  grow  out  from  the 
anterior  horn  cells  converge  to  form  a  single  nerve-root  in 
each  segment,  but  in  the  cervical  region  fibers  which  arise 
from  the  more  laterally  situated  neuroblasts  make  their  exit 
from  the  cord  independently  of  the  more  ventral  neuroblasts 
and  form  the  roots  of  the  spinal  accessory  nerve  (see  p 
444).  In  the  cervical  region  there  are  accordingly  three 
sets  of  nerve-roots,  the  dorsal,  lateral,  and  ventral  sets. 

In  a  typical  spinal  nerve,  such  as  one  of  the  thoracic 
series,  the  dorsal  roots  as  they  grow  peripherally  pass  down- 
ward as  well  as  outward,  so  that  they  quickly  come  into  con- 
tact with  the  ventral  roots  with  whose  fibers  they  mingle, 
and  the  mixed  nerve  so  fonned  soon  after  divides  into  two 
trunks,  a  dorsal  one,  which  is  distributed  to  the  dorsal  mus- 
culature and  integument,  and  a  larger  ventral  one.  The 
ventral  division  as  it  continues  its  outward  growth  soon 
reaches  the  dorsal  angle  of  the  pleuro-peritoneal  cavity, 
where  it  divides,  one  brancli  passing  into  the  tissue  of  the 
Iwdy-wall  while  the  other  passes  into  the  splanchnic  meso- 
derm. The  former  branch,  continuing  its  onward  course 
in  the  body-wall,  again  divides,  one  branch  becoming  the 
lateral  cutaneous  nerve,  while  the  other  continues  inward 
lo  terminate  in  the  median  ventral  portion  of  the  body  as 
the  anterior  cutaneous  nerve.  The  splanchnic  branch  forms 
a  ramus  commnnicans  to  the  sympathetic  system  and  will  be 
considered  more  fully  later  on. 
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Ttie  conditions  just  described  are  those  which 
throughout  the  greater  part  of  the  thoracic  region.  Else- 
where the  fibers  of  the  ventral  divisions  of  the  nerves  as 
they  grow  outward  tend  to  separate  from  one  another  and 
to  Ijecome  associated  with  the  fibers  of  adjacent  nerves, 
giving  rise  to  plexuses.  In  the  regions  where  the  limbs 
ocfur  the  formation  of  the  plexuses  is  also  .associated  with 
a  shifting  of  the  parts  to  which  the  nerves  are  supplied,  a 
factor  in  plexus  formation  which  is,  however,  much  more 
evident  from  comparative  anatomical  than  from  embryo- 
logical  studies. 

The  Development  of  the  Cranial  Nerves. — During  the 
last  thirty  years  the  cranial  nerves  have  received  a  great 
deal  of  attention  in  connection  with  the  idea  that  an  accu- 
rate knowledge  of  their  development  would  afford  a  clue 
to  a  most  vexed  problem  of  vertebrate  morphology,  the 
metamerism  of  the  head.  That  the  metamerism  which  was 
so  pronounced  in  the  trunk  should  extend  into  the  head  was 
a  natural  supposition,  strengthened  by  the  discovery  of  -I 
head-cavities  in  the  lower  verlebrales  and  by  the  indica- 
tions of  metamerism  seen  in  the  branchial  arches,  and  the 
problem  which  presented  itself  was  the  correlation  of  the 
various  structures  Iwlonging  lo  each  metamere  and  the  de- 
termination of  the  modifications  which  they  had  undergonej 
during  the  evolution  of  the  head. 

In  the  trunk  region  a  nerve  forms  a  conspicuous  element 
of  each  metamere  and  is  composed,  according  to  what  i* 
known  as  Bell's  law,  of  a  ventral  or  efferent  and  a  dorsal 
or  afferent  root.  Until  comparatively  recently  the  study  o| 
the  cranial  ner\'es  has  been  dominated  by  the  idea  that  it 
was  possible  lo  extend  the  application  of  Bell's  law  to  them 
and  to  recognize  in  the  cranial  region  a  number  of  nerve 
pairs  serially  homologous  with  the  spinal  nerves,  some  of 
them,  however,  having  lost  their  afferent  roots,  while  in 
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(jUiers  11  dislocation,  as  it  were,  of  the  two  roots  had  oc- 
curred. 

The  results  obtained  from  investigation  along  this  line 
have  not,  however,  proved  entirely  satisfactory,  and  facts 
have  been  elucidated  which  seem  to  show  that  it  is  not 
possible  to  extend  Bell's  law,  in  its  original  form  at  least, 
to  the  cranial  nerves.  It  has  been  found  that  it  is  not 
sufficient  to  recognize  simply  afferent  and  efferent  roots, 
but  these  must  be  analyzed  into  further  components,  and 
when  this  is  done  it  is  found  that  in  the  series  of  cranial 
nerves  certain  components  occur  which  are  not  represented 
in  the  nerves  of  the  spinal  series. 

Before  proceeding  to  a  description  of  these  components 
it  will  be  well  to  call  attention  to  a  matter  already  alluded 
to  in  a  previous  chapter  (p.  i  lo)  in  connection  with  the 
segmentation  of  the  mesoderm  of  the  head.  It  has  been 
pointed  out  (hat  while  there  e-sist  "  head-cavities "  which 
are  serially  homologous  with  the  mesodermal  somites  of 
the  trunk,  there  has  been  imposed  upon  this  primary  cranial 
metamerism  a  secondary  metamerism  represented  by  the 
branchiomeres  associated  with  the  branchial  arches,  and, 
it  may  be  adde<l,  this  secondarj'  metamerism  has  become 
the  more  prominent  of  the  two,  the  primary  one,  as  it  devel- 
oped, gradually  slipping  into  the  background  until,  in  the 
higher  vertebrates,  it  has  become  to  a  very  considerable 
extent  rudimentary.  In  accordance  with  this  double  me- 
tamerism it  is  necessary  to  recognize  two  sets  of  cranial 
muscles,  one  derived  from  the  cranial  myotomes  and  rep- 
resented by  the  muscles  of  the  eyeball,  and  one  derived  from 
the  branchiomeric  mesoderm,  and  it  is  necessary  also  to 
recognize  for  these  two  sets  of  muscles  two  sets  of  motor 
nerves,  so  that,  with  the  dorsal  or  sensory  nerve-roots,  there 
are  altogether  three  sets  of  nerve-roots  in  the  cranial  region 
instead  of  only  two,  as  in  the  spinal  region. 
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These  tliree  sets  of  roots  are  readily  recognizable  both  i 
in  the  embryonic  and  in  the  adult  brain,  especially  if  atten-' 
tion  be  directed  to  the  cell  groups  or  nuclei  with  which  theyl 
are  associated  (Fig.  239).  Thus  there  can  be  recognized: 
(l)  a  series  of  nuclei  from  which  nerve-fibers  arise,  situ- 
ated in  the  floor  of  the  fourth  ventricle  and  iter  close  to  the  I 
median  line  and  termed  the  ventral  motor  nuclei;  (2)  ai 
second  series  of  nuclei  of  origin,  situated  more  laterally  andl 
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in  the  substance  of  the  formatio  reticularis,  and  known  a 
the  lateral  motor  nuclei;  and  (3)  a  series  of  nuclei  in  whid 
afferent  ner\-e-fil>ers  terminate,  situated  still  more  lateralt 
in  the  floor  of  the  ventricle  and  forming  the  dorsal  or  se* 
sory  nuclei.  None  of  the  twelve  cranial  nerves  usuall}^ 
recognized  in  the  text-books  contains  fibers  ass(Kiated  witht 
all  three  of  these  nuclei ;  the  fibers  from  the  lateral  motor! 
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nuclei  almost  invariably  unite  with  sensory  fibers  to  form 
a  mixed  nerve,  but  those  from  all  the  ventral  motor  nuclei 
form  independent  roots,  while  the  olfactory  and  auditory 
nerves  alone,  of  all  the  sensory  roots  (omitting  for  the  pres- 
ent the  optic  nerve),  do  not  contain  fibers  from  either  of 
the  series  of  motor  nuclei.  The  relations  of  the  various 
cranial  nerves  to  the  nuclei  may  be  seen  from  the  following 
table,  in  which  the  +  sign  indicates  the  presence  and  the  — 
sign  the  absence  of  fibers  from  the  nuclear  series  under 
which  it  stands: 


Number. 

Name. 

Ventral 
Motor. 

Lateral 
Motor. 

Sensory. 

I. 
III. 

Olfactory. 
Oculomotor. 

+ 

— 

+ 

IV. 

Trochlear. 

-f 

— 

V. 
VI. 

Trigeminus. 
Abducens. 

-h 

+ 

VII. 

Facial. 

4. 

4- 

VIII. 

IX. 

X. 

XL 

Auditory. 
Glossopharyngeal. 
Vagus.                    1 
Spinal  Accessory.  | 

Two  nerves — namely,  the  second  and  twelfth — have  been 
omitted  from  the  above  table.  Of  these,  the  second  or  optic 
nerve  undoubtedly  belongs  to  an  entirely  different  category 
from  the  other  peripheral  nerves,  and  will  be  considered  in 
the  following  chapter  in  connection  with  the  sense-organ 
with  which  it  is  associated  (see  especially  p.  491).  The 
twelfth  or  hypoglossal  nerve,  on  the  other  hand,  really  be- 
longs to  the  spinal  series  and  has  only  secondarily  been  taken 
up  into  the  cranial  region  in  the  higher  vertebrates.  It  has 
already  been  seen  (p.  179)  that  the  bodies  of  four  vertebrae 
are  included  in  the  basioccipital  bone,  and  that  three  of  the 
nerves  corresponding  to  these  vertebrae  are  represented  in 
the  adult  by  the  hypoglossal  and  the  fourth  by  the  first  cer- 
vical or  suboccipital  nerve.     The  dorsal  roots  of  the  hypo- 
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glossal  nerves  seem  to  have  almost  disappeared,  although  a  1 
ganglion  has  been  observed  in  embryos  of  7  and  10  mm.  in  I 
ihe  posterior  part  of  the  hypoglossal  region  (His),  and  prob- 
ably represents  the  dorsal  root  of  the  most  posterior  portion  1 
of  the  hypoglossal  nerve.     This  ganglion  disappears,  as  a  [ 
rule,  in  later  stages,  and  it  is  interesting  to  note  that  the  1 
ganglion  of  the  suboccipital  nerve  is  also  occasionally  want- 
ing in  the  adult  condition.     The  hypoglossal  roots  are  to  I 
be  regarded,  then,  as  equivalent  to  the  ventral  roots  of  the 
cervical  spinal  nerves,  and  the  nuclei  from  which  they  arise 
lie  in  series  with  the  cranial  ventral  motor  roots,  a  fact 
which  indicates  the  equivalency  of  these  latter  with  the  fibers 
which  arise  from  the  neuroblasts  of  the  anterior  horns  of  \ 
the  spinal  cord. 

The  equivalents  of  the  lateral  motor  roots  may  more  con- 
veniently be  considered  later  on,  but  it  may  be  pointed  out 
here  that  these  are  the  fibers  which  are  distributed  to  the 
muscles  of  the  branch lomeres.     In  the  case  of  the  sensory 
nerves  a  further  analysis  is  necessary  before  their  equiva-  I 
lents  in  the  spinal  series  can  be  determined.     For  this  the  | 
studies  which  have  been  made  in  recent  years  of  the  com- 
ponents entering  into  the  cranial  nerves  of  the  amphibia  I 
(Strong)  and  fishes  (Herrick)  must  supply  a  basis,  since  I 
as  yet  a  direct  analysis  of  the  mammalian  nerves  has  not  1 
been  made.     In  the  forms  named  it  has  been  found  that  ( 
three  different  components  enter  into  the  formation  of  the  I 
dorsal  roots  of  the  cranial  nerves:  (i)  fibers  belonging'  to  I 
a  general  cutaneous  or  sotnatic  sensory  system,  distributed  1 
to  the  skin  without  lacing  connected  with  any  special  sen 
organs;  (2)  fibers  belonging  to  what  is  termed  the  com-  i 
munis  or  i-isccro-scttsory  system,  distrilmted  to  the  walls  of 
the  mouth   and   pharyngeal   region  and  to  special   organs  ! 
found  in  the  skin  of  the  same  character  as  those  occurring  ' 
in  the  mouth;  and  (3)  fibers  belonging  to  a  special  set  of  ] 
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mlaneoiis  sense-organs  largely  developed  in  tlie  fishes  and 
known  as  the  organs  of  the  lateral  line. 

The  fibers  of  the  somatic  sensory  system  converge  to  a 
group  of  cells,  situated  in  the  lateral  part  of  the  floor  of 
the  fonrth  ventricle  and  forming  what  is  termed  the  tri- 
geminal lobe,  and  also  extend  posteriorly  in  the  snbstance 
of  the  medulla  (Fig,  240),  forming  what  has  been  termed 
the  spinal  root  of  the  trigeminus  and  terminating  in  a 
column  of  cells  which  represents  the  forward  continuation 
of  the  posterior  horn  of  the  cord.  In  the  fishes  and  am- 
phibia fibers  belonging  to  this  system  are  to  be  found  in  the 
fifth,  seventh,  and  tenth  nerves,  but  in  the  mammalia  their 
distribution  has  apparently  become  more  limited,  being  con- 
fined almost  exclusively  to  the  trigeminus,  of  whose  sensory 
divisions  they  form  a  very  considerable  part.  Since  the 
cells  around  which  the  fibers  of  the  spinal  root  of  the  tri- 
geminus terminate  are  the  forward  continuations  of  the  pos- 
terior horns  of  the  cord,  it  seems  probable  that  the  fibers  of 
this  system  are  the  cranial  representatives  of  the  posterior 
roots  of  the  spinal  nerves,  which,  it  may  be  noted,  are  also 
somatic  in  their  distribution. 

The  fibers  of  the  viscerosensory  system  are  found  in  the 
lower  forms  principally  in  the  ninth  and  tenth  nerves  (see 
Fig.  240),  although  groups  of  them  are  also  incorporated 
in  the  seventh  and  fifth.  They  converge  to  a  mass  of  cells, 
known  as  the  lobus  vagi,  and  like  the  first  set  are  also  con- 
tinued down  the  medulla  to  form  a  tract  known  as  the  fas- 
ciculus soiitarius  or  fasciculus  communis.  In  the  mammalia 
the  system  is  represented  by  the  sensory  fibers  of  the  glosso- 
pharyngeo-vagus  set  of  nerves,  of  which  it  represents  prac- 
tically the  entire  mass;  by  the  sensory  fibers  of  the  facial 
arising  from  the  geniculate  ganglion  and  included  in  the 
chorda  tympani  and  probably  also  the  great  superficial 
petrosal;  and  also,  probably,  by  the  lingual  branch  of  t 
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trigeminus.     Furtliermore,  since  the  nuimns  membrane  oM 
the  palate  is  supplied  by  branches  from  the  trig^eminus  which 
pass  by  way  of  the  spheno-palatine  (Meckel's)  ganglion, 
and  the  same  region  is  supplied  in  lower  forms  by  a  palatine 
branch  from  the  facial,  it  seems  probable  that  the  palatinej 


Fig.    340.^Diagiiams    shoeing    the    Sensokv    Components   or  ', 
Chanial  Nehves  of  a  Fish   (Menidia). 

The  somalie  sensory  sysicm  is  unshaded,  the  viscerti- sensory  is  c 
hatched,  and  the  lateral  hno  sysiem  is  hiack.  ate.v,  S 
root  of  trigeminus;  brx,  branchial  branches  of  vagus;  ol,  olfit 
bulb;  ofi,  optic  nerve;  rc.x,  cutaneous  branch  of  the  vaj 
intestinal  branch  of  vagus;  rl,  lateral  line  nerve;  rl.acc,  ; 

lateral  line  nerve;  ros,  superficial  ophthalmic;  rfi.  ramus  , 

of  the  facial :  thy,  hyomandibiilar  branch  of  the  facial ;  l.inf,  a 
orbital  nerve.— (WfrnVt.) 


nerves  of  the  mammalia  are  also  lo  he  assigned  to  this  syi 
tem.*     If  this  be  the  case,  a  very  evident  chie  is  afforded  ^ 


•The  fact  that  the  palatine  branches  are  associated  with  the  t 
geminus  in  the  Mammalia  and  with  the  facial  in  the  Amphibia  i: 
explained  by  the  fact  that  in  the  latter  the  Gas^erian  and  senicidi 
ganglia  are  not  always  separated,  so  that  it  is  possible  for  filwrs  o 
nating  from  the  compound  ganglion  to  pass  into  either  nerve. 
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the  homologies  of  the  system  in  the  spinal  nerves,  for  since 
the  spheno-palatine  ganglion  is  to  be  regarded  as  part  of 
the  sympathetic  system,  the  sensory  fibers  which  pass  from 
the  viscera  to  the  spinal  cord  by  way  of  the  sympathetic 
system  (p.  448)  present  relations  practically  identical  with 
those  of  the  palatine  nerves. 

Finally,  with  regard  to  the  system  of  the  lateral  line,  there 
seems  but  little  doubt  that  it  has  no  representation  whatso- 
ever in  the  spinal  nerves.  It  is  associated  with  a  peculiar 
system  of  cutaneous  sense-organs  found  only  in  aquatic  or 
marine  animals,  and  also  with  the  auditory  and  possibly  the 
olfactory  organs,  the  former  of  which  are  certainly  and  the 
latter  possibly  primarily  parts  of  the  lateral  line  system  of 
organs.  The  organs  are  principally  confined  to  the  head, 
although  they  also  extend  upon  the  trunk,  where  they  are 
followed  by  a  branch  from  the  vagus  nerve,  the  entire  system 
being  accordingly  supplied  by  cranial  nerves.  In  the  fishes, 
in  which  the  development  of  the  organs  is  at  a  maximum, 
fibers  belonging  to  the  system  are  found  in  all  the  branchio- 
meric  nerves  and  all  converge  to  a  portion  of  the  medulla 
known  as  the  tuberculum  acusticum.  In  the  Mammalia, 
with  the  disappearance  of  the  lateral  line  organs  there  has 
been  a  disappearance  of  the  associated  nerves,  and  the  only 
certain  representative  of  the  system  which  persists  is  the 
auditory  nerve. 

The  table  given  on  page  439  may  now  be 'expanded  as 
follows,  though  it  must  be  recognized  that  such  an  analysis 
of  the  mammalian  nerves  is  merely  a  deduction  from  what 
has  been  observed  in  lower  forms,  and  may  require  some 
modifications  when  the  components  have  been  subjected  to 
actual  observation : 
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An  additional  word  is  necessary  concerning  the  spinal  I 
accessory  nerve,  for  it  presents  certain  interesting  relations  ' 
whicli  possibly  furnish  a  clue  to  the  spinal  equivalents  of  tlie 
lateral  motor  roots.     In  the  first  place,  the  neuroblasts  which 
give  rise  to  those  fibers  of  the  nerve  which  come  from  the 
spinal  cord  are  situated  in  the  dorsal  part  of  the  ventral 
zones  and  in  the  adult  in  the  lateral  horn  of  tlie  cord.    As 
the  nuclei  of  origin  are  traced  anteriorly  they  will  be  found   | 
to  change  their  position  somewhat  as  the  medulla  is  reached  . 
and  eventually  come  to  lie  in  the  reticular  fomiation,  the  j 
most  anterior  of  them  being  practically  continuous  with  the  I 
motor  nucleus  of  the   vagus.     Indeed,   it  seems   that  the  | 
spinal  accessory  nerve  is  properly  to  be  regarded  as  an  ex- 
tension  of  the  vagus  downward   into  the  cervical   rejsrioa  ] 
(Furbringet,  Streeter),  a  process  which  reaches  its  greatest -I 
development  in  the  mammalia  and  seems  to  stand  in  relation  i 
to  the  development  of  those  portions  of  the  trapezius  and  I 
sterno-mastoid  muscles  which  are  supplied  by  the  spinalj 
accessory  nerve. 

It  is  believed  that  tlie  white  rami  communicantes  whkfrj 
pass  from  the  spinal  cord  to  the  thoracic  and  upper  lumbar* 
sympathetic  ganglia  arise  from  cells  situated  in  the  dorso-  \ 
lateral  portions  of  the  ventral  horns,  and  it  is  noteworthy  1 
that  white  rami  are  wanting  in  the  region  in  which  the  spinal 
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accessory  nerve  occurs.  Since  this  nerve  represents  a  cranial 
lateral  motor  root  the  temptation  is  great  to  regard  the 
cranial  lateral  motor  roots  as  equivalent  to  the  white  rami 
of  the  cord,  and  this  temptation  is  intensified  when  it  is 
recalled  that  there  are  both  embryological  and  topographical 
reasons  for  regarding  the  branchiomeric  muscles,  to  which 
the  cranial  lateral  motor  nerves  are  supplied,  as  equivalent  to 
the  visceral  muscles  of  the  trunk.  But  in  view  of  the  fact 
that  a  sympathetic  neurone  is  always  interposed  between  a 
white  ramus  fiber  and  the  visceral  musculature,  while  th^ 
lateral  motor  fibers  connect  directly  with  the  branchiomeric 
musculature,  it  seems  advisable  to  await  further  studies 
I)efore  yielding  to  the  temptation. 

As  regards  the  actual  development  of  the  cranial  nerves, 
they  follow  the  general  law  which  obtains  for  the  spinal 
nerves,  the  motor  fibers  being  outgrowths  from  neuroblasts 
situated  in  the  walls  of  the  neural  tube,  while  the  sensory 
nerves  are  outgrowths  from  the  cells  of  ganglia  situated 
without  the  tube.  In  the  lower  vertebrates  a  series  of  gan- 
glia, known  as  the  suprabranchial  ganglia,  are  developed 
from  the  ectoderm  along  a  line  corresponding  with  the  level 
of  the  auditory  invaginatinn,  while  on  a  line  corresponding 
with  the  upper  extremities  of  the  branchial  clefts  another 
series  occurs  which  has  been  termed  that  of  the  epibraiichial 
ganglia,  and  with  both  of  these  sets  the  cranial  nerves  are 
in  connection.  In  the  mammalia  these  structures  have  not 
yet  been  sufficiently  studied,  but  from  the  general  relation- 
ship of  the  suprabranchial  ganglia  it  seems  probable  that 
they  are  associated  with  the  lateral  line  nerves  and  are  con- 
sequently represented  in  the  mammalia  only  by  the  ganglia 
of  the  auditory  nerve. 

From  what  has  been  said  above  it  is  clear  that  the  usual 
arrangement  of  the  cranial  nerves  in  twelve  pairs  does  not  rep- 
re.seiit  their  true  relationships  with  one  another.  The  various 
pairs  are  serially  homologous  neither  with  one  another  nor 
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with  the  typical  spinal  nerves,  nor  can  they  be  regarded  as  rep-  1 
resenting  twelve  cranial  segments.  Indeed,  it  would  seem 
that  comparatively  little  information  with  regard  to  the  number 
of  myotomic  segments  which  have  fnsed  together  to  form  the 
head  is  to  be  derived  from  the  cranial  nerves,  for  while  there 
are  only  four  of  these  nerves  which  are  associated  with  struc- 
tures equivalent  to  the  niesodennic  somites  of  tlie  trunk,  a 
much  greater  number  of  head  cavities  or  mesodermic  somites 
has  been  observed  in  the  cranial  region  of  the  embryos  of  the 
lower  vertebrates,  Dohm,  for  instance,  having  found  nineteen 
and  Killian  eighteen  in  the  cranial  region  of  Torpedo.  Furth- 
ermore, it  is*  not  possible  to  say  at  present  whether  the  branclii- 
onicres  and  their  associated  nerves  correspond  with  one  or 
several  of  the  cranial  mesodermic  somites,  or  whether,  indeed, 
any  correspondence  whatever  exists. 

In  early  stages  of  development  a  scries  of  constrictions  have  | 
been  observed  in  the  cranial  portion  of  the  neural  tube  and  I 
have  been  regarded  as  indicating  a  primitive  segmentation  of  I 
that  structure.  The  neurotneres,  as  the  intervals  between  sue-  1 
cessive  constrictions  have  been  termed,  seem  to  correspond  f 
with  the  cranial  nerves  as  usually  rect^nized  and  hence  can-  1 
not  be  regarded  as  primitive  segmental  structnres.  They  are  I 
more  probably  secondary  and  due  to  the  arrangement  of  the  I 
neuroblasts  corresponding  to  the  various  nerves. 

The  Development  of  the  Sj^npathetic  Nervous  Sys-  i 
tem.— From  the  enibryological  stand]X)int  the  dislinctionj 
whicli  has  been  generally  recognized  between  the  sympa-t^l 
thetic  and  central  nervous  systems  does  not  exist,  the  fonnerT 
having  been  found  to  be  an  outgrowth  from  the  peripber^l 
ganglia  of  the  latter.  This  mode  of  origin  has  been  observed  I 
with  especial  clearness  in  the  embryos  of  some  of  the  lower  ' 
vertebrates,  in  which  masses  of  cells  have  been  seen  to  sepa- 
rate from  the  ptisterior  root  ganglia  to  form  the  ganglia  of. 
the  ganglionated  cord  (Fig.  241).  In  tlie  mammalia,  in-i 
eluding  man,  the  relations  of  the  two  sets  of  ganglia  to  one-l 
another  is  by  no  means  so  apparent,  since  the  sympathetic^ 
cells,  instead  of  being  separated  from  tlie  posterior  root  •I 
ganglion  en  tiiassc.  migrate  from  it  singly  or  in  groups,  and  I 
are  therefore  less  readily  distinguishable  from  llie  surround- 
ing mesodermal  tissues. 
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^N  blHBRVo  Shark  (Seyllium) 
V  Sympathetic  Ganglion. 
Ch.  Nolochord ;  E.  ectoderm;  C,  poslcrior  rool  ganglion;  Gi,  synipa- 
tlielLC   Banglion;    M,   spinal   cord.— (OHorfi.) 
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To  understand  llie  development  of  the  sympathetic  sys- 
tem it  must  be  remembered  that  it  consists  typically  of  three 
sets  of  ganglia.  One  of  these  is  constituted  by  the  ganglia 
of  the  ganglionated  cord  (Fig.  242,  GC),  the  second  is 
represented  by  the  ganglia  of  the  praevertebral  plexuses 
(Pl'G),  such  as  the  cardiac,  solar,  hypogastric,  and  pelvic, 
while  the  third  or  peripheral  set  (PG)  is  formed  by  the 
cells  which  occur  throughout  the  tissues  of  probably  most 
of  the  visceral  organs,  either  in  small  groups  or  scattered 
through  plexuses  such  as  the  Auerbach  and  Meissner  plex- 


FiG.  242. — Diagram   ; 
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MPATHETic  System. 
The  fibers  from  ihe  posterior  root  ganglia  are  represpnted  by  the  brdcea  >J 
black  lines;  those  from  ihe  anienor  horn  cells  by  the  solid  black;  J 
ihe  while  rami  by  red:  and  (he  sympaihetic  neurones  by  blue-ill 
DR,  Dorsal  ramus  of  spinal  nerve ;  GC,  ganRlionated  cord ;  GR,  gray'l 
ramus  commiinicans ;  I'C.  peripheral  ganBlion;  Pl'G.  prxvertrtinl jf 
Ranglion;  Tfi,  ventral  ramus  of  spinal  nerve;  H''R,  wbile  ramus  ) 
—{Adaftcd  from  Hubcr.) 


uses  of  the  intestine.  Each  cell  in  these  various  ganglia 
stands  in  direct  contact  with  the  axis-cylinder  of  a  cell 
situated  in  the  central  nervous  system,  probably  in  ihe  lat- 
eral horn  of  the  spinal  cord  or  the  corresponding  region 
of  the  brain,  so  that  each  cell  forms  the  terminal  link  of  a 
chain  whose  first  link  is  a  neunme  belonging  to  the  central 
system     ( I  Inber ) .     Throughotit    the    thoracic    and    upper 
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lumbar  regions  of  the  Ixxly  the  central  system  neurones 
form  distinct  cords  known  as  the  zifhife  rami  communicantes 
(Fig.  242,  lVR)y  which  pass  from  the  spinal  nerves  to  the 
adjacent  ganglia  of  the  ganglionated  cord,  some  of  them 
terminating  around  the  cells  of  these  ganglia,  others  pass- 
ing on  to  the  cells  of  the  pr<evertebral  ganglia,  and  others 
to  those  of  the  peripheral  plexuses.  In  the  cervical,  lower 
lumbar  and  sacral  regions  white  rami  are  wanting,  the  cen- 
tral neurones  in  the  first-named  region  probably  making 
their  w^ay  to  the  sympathetic  cells  by  way  of  the  upper 
thoracic  nerves,  while  in  the  lower  regions  they  may  pass 
down  the  ganglionated  cord  from  higher  regions  or  may 
join  the  praevertebral  and  peripheral  ganglia  directly  with- 
out passing  through  the  proximal  ganglia.  In  addition  to 
these  white  rami,  what  are  known  as  gray  rami  also  extend 
between  the  proximal  ganglia  and  the  spinal  nerves;  these 
are  composed  of  fibers,  arising  from  sympathetic  cells,  which 
join  the  spinal  nerves  in  order  to  pass  with  them  to  their 
ultimate  distribution. 

The  brief  description  here  given  applies  especially  to  the 
sympathetic  system  of  the  neck  and  trunk.  Representa- 
tives of  the  system  are  also  found  in  the  head,  in  the  form 
of  a  series  of  ganglia  connected  with  the  trigeminus  and 
facial  nerves  and  known  as  the  ciliary,  spheno-palatine,  otic, 
and  submaxillary  ganglia;  and,  as  will  be  seen  later,  there 
are  probably  some  sympathetic  cells  which  owe  their  origin 
to  the  root  ganglia  of  the  vagus  and  glossopharyngeal 
nerves.  There  is  nothing,  however,  in  the  head  region  cor- 
responding to  the  longitudinal  bundles  of  fibers  which  unite 
the  various  proximal  ganglia  of  the  trunk  to  form  the  gan- 
glionated cord. 

The  first  indications  of  the  sympathetic  system  are  to  be 
seen  in  a  human  embryo  of  about  7  mm.  As  the  spinal 
nerves  reach  the  level  of  the  dorsal  edge  of  the  body-cavity, 
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lliey  Ijraiicli.  mie  i>f  the  branches  continuing  venlrally  in  J 
the  bocly-wall,  while  the  other  (Fig.  243.  wr)  passe^ 
niesially  toward  the  aurta.  some  of  its  fibers  reaching  that* 
structure,  while  others  bend  so  as  to  assume  a  longitudinalfl 
direction.  These  mesial  branches  represent  the  white  ranii 
ciininuinicantes,  but  as  yet  no  ganglion  cells  can  be  seen  in] 


Fir  243.— Than svEkse  Section  thkou<.h 

f,  Notijchotd;  ^.  iiosierior  rooi  ganglion; 
cell  migrniiiiE  from  Ihc  mistcrior  roo 
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m.  spinal  cord:  i.  sy 
ganglion ;  nr,  whitt 


their  course.     The  ct'Ils  of  the  iX)Steriur  root  ganglia  haven 
already,  for  the  innsl  jiart,  assunietl  their  bipolar  form,  bulij 
among  them  there  may  still  \x  found  a  numlier  of  cells  in  | 
the  neuroblast  condition,  and  these  (Fig.  243,  s),  wander- 
ing out   frnin  the  ganglia,  give  rise  to  a  colnmn   nf  cells  ' 
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Standing  in  relation  to  the  white  rami.  At  first  there  is 
no  indication  of  a  segmental  arrangement  of  the  cells  of 
the  column  (Fig.  244),  but  at  about  the  seventh  week  such 
an  arrangement  makes  its  appearance  in  the  cervical  region, 
and  later,  extends  posteriorly,  until  the  column  assumes  the 
form  of  the  ganglionated  cord. 

Before,  however,  the  seginentation  becomes  marked, 
thickenings  appear  at  certain  regions  of  the  cell  column, 
and  from  these,  bundles  of  fibers  may  be  seen  extending 
ventrally  tow'ard  the  viscera.  The  thickenings  represent 
certain  of  the  pr?evertebral  ganglia,  and  later  cells  wander 
out  from  them  and  take  a  position  in  front  of  the  aorta. 
In  an  embryo  of  10.2  mm.  tw^o  ganglionic  masses  (Fig. 
244,  pc)  occur  in  the  vicinity  of  the  origin  of  the  omphalo- 
mesenteric artery  ((//;/),  one  lying  ab()ve  and  the  other 
l^elow  that  vessel;  these  masses  represent  the  ganglia  of 
the  coeliac  plexus  and  have  separated  somewhat  from  the 
ganglionated  cord,  the  fil>er  bundles  which  unite  the  upper 
mass  with  the  cord  representing  the  greater  and  lesser 
splanchnic  nerves  (sp),  while  that  connected  with  the  lower 
mass  represents  the  connection  of  the  cord  w-ith  the  superior 
mesenteric  ganglion.  Lower  down,  in  the  neightorhood 
of  the  umbilical  arteries,  is  another  enlargement  of  the  cord 
(bg),  which  probably  represents  the  inferior  mesenteric 
and  hypogastric  ganglia  which  have  not  yet  separated  from 
the  cell  column. 

In  the  cervical  region  a  similar  origin  of  the  ganglion 
cells  of  the  cardiac  plexus  from  the  cell  column  seems  to 
obtain.  In  embryos  of  alK)ut  7  mm.  fibers  may  be  seen 
extending  from  the  column  toward  the  heart,  and,  entering 
into  close  relationship  with  descending  branches  from  the 
vagus,  they  form  a  plexus,  the  ganglia  of  which  are  com- 
posed of  cells  which  have  wandered  from  the  cell  column. 
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The  elongated  courses  of  the  cardiac  sympathetic  and 
splanchnic  nerves  in  the  adult  receive  an  explanation  from  the 
recession  of  the  heart  and  diaphragm  (see  pp.  252  and  342). 
the  latter  process  forcing  downward  the  cceliac  plexus,  which 
originally  occupied  a  position  opposite  the  region  of  the  gan- 
glionated  cord  from  which  the  splanchnic  ncr\'es  arise. 


Fic,  244.— Recon: 

am,  Omphaio-mesenleric  artery:  ao.  aorta;  au.  umbilical  artery;  bg;^ 
ganglionic  mass  representing  ihc  polvic  pkxiis;  d.  inlMiinc; 
[Esophagus:  pc.  ganglia  of  ihc  nciiac  p[cxu«:   fih,  pharynx: 
right  vagus  nerve;  tp.  splanchnic  nerves;  ly,  ganglionated  en     . 
(,   Irachca;*,   peripheral   symiialhclic   gunsliu   in    ihc    walls   oT   the   1 
stomach.— (Hm,  Jr.) 
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The  cells  which  occur  in  the  peripheral  plexuses  have, 
in  a  similar  manner,  wandered  out  from  their  original  posi- 
tion in  the  cell  column.  In  lo  mm.  embryos  groups  of 
such  cells  have  been  observed  both  in  the  lesser  and  greater 
curvatures  of  the  stomach  (Fig.  244*),  where  they  become 
connected  with  a  plexus  formed  by  fibers  from  the  vagus 
nerves  (rv).  The  wandering  of  sympathetic  cells  into  the 
walls  of  the  intestine  has  also  been  ol)served,  and  they  form 
at  first  a  single  layer  in  the  mesoderm  of  the  intestinal  wall, 
only  later,  on  the  diflFerentiation  of  the  muscle  layers,  becom- 
ing separated  into  the  two  layers  which  constitute  the  plex- 
uses of  Auerbach  and  Meissner.  Similarly  cells  reach  the 
heart  by  wandering  in  some  cases  along  fillers  of  the  vagus, 
although  they  really  come  from  the  cervical  region  of  the 
ganglionated  cord,  and,  having  in  their  wandering  met  with 
fibers  of  the  vagus,  make  use  of  them  as  paths  by  which  they 
mav  reach  their  destination. 

As  regards  the  cephalic  sympathetic  ganglia,  the  observa- 
tions of  Remak  on  the  chick  and  Kolliker  on  the  rabbit  show 
that  the  ciliary,  sphenopalatine,  and  otic  ganglia  arise  by 
the  separation  of  cells  from  the  semilunar  (Gasserian)  gan- 
glion, and  from  their  adult  relations  it  may  be  supiK)sed  that 
the  cells  of  the  submaxillary  and  sublingual  ganglia  have 
similarly  arisen  from  the  geniculate  ganglion  of  the  facial 
nerve.  Evidence  has  also  l>een  obtained  from  human  em- 
bryos that  sympathetic  cells  are  derived  from  the  ganglia 
of  the  vagus  and  glossopharyngeal  nerves,  but,  instead  of 
forming  distinct  ganglia  in  the  adult,  these,  in  all  proba- 
bility, associate  themselves  with  the  first  cervical  ganglia  of 
the  ganglionated  cord. 
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CHAPTER  XVI. 

THE  DEVELOPMENT  OF  THE  ORGANS  OF 

SPECIAL  SENSE. 

Like  the  cells  of  the  central  nervous  system,  the  sensory 
cells  are  all  of  ectodermal  origin,  and  in  lower  animals, 
such  as  the  earthworm,  for  instance,  they  retain  their  orig- 
inal position  in  the  ectodermal  epithelium  throughout  life. 
In  the  vertehrates,  however,  the  majority  of  the  sensory 
cells  relincjuish  their  superficial  position  and  sink  more  or 
less  deeply  into  the  subjacent  tissues,  l>eing  represented  by 
the  ix)sterior  root  ganglion  cells  and  by  the  sensory  cells  of 
the  special  sense-organs,  and  it  is  only  in  the  olfactory  organ 
that  the  original  condition  is  retained.  Those  cells  which 
have  withdrawn  from  the  surface  receive  stimuli  only 
through  an  overlying  cell  or  cells,  and  in  certain  cases  these 
transmitting  cells  are  not  specially  differentiated,  the  ter- 
minal branches  of  the  sensory  dendrites  ending  among  ordi- 
nary epithelial  cells  or  in  such  structures  as  the  Pacinian 
bodies  or  the  end-bulbs  of  Krause  situated  beneath  undiffer- 
entiated epithelium.  In  other  cases,  however,  certain  spe- 
cially modified  superficial  cells  serve  to  transmit  the  stimuli 
to  the  peripheral  sensory  neurones,  forming  such  structures 
as  the  hair-cells  of  the  audit* )ry  epithelium  or  of  the  taste- 
buds. 

Thus  three  degrees  of  differentiation  of  the  special  sen- 
sory cells  may  be  recognized  and  a  classification  of  the 
sense-organs  may  be  made  upon  this  basis.  One  organ, 
however,  the  eye,  cannot  I>e  brought  into  such  a  classifica- 
tion, since  its  sensory  cells  present  certain  developmental 
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peculiarities  which  distinguish  them  from  those  of  all  other 
sense-organs.  Embryologically  the  retina  is  a  portion  of 
the  central  nervous  system  and  not  a  peripheral  organ,  and 
hence  it  will  be  convenient  to  arrange  the  other  sense-organs 
according  to  the  classification  indicated  and  to  discuss  the 
history  of  the  eye  at  the  close  of  the  chapter. 

The  Development  of  the  Olfactory  Organ. — The  gen- 
eral development  of  the  nasal  fossa,  the  epithelium  of  which 
contains  the  olfactory  sense  cells,  has  already  been  described 
(pp.  8i  and  89),  as  has  also  the  development  of  the  olfac- 
tory lobes  of  the  brain  (p.  433),  and  there  remains  for  con- 
sideration here  merely  the  formation  of  the  olfactory  nerve 
and  the  development  of  the  rudimentary  organ  of  Jacobson. 

The  Olfactory  Nerve. — Very  diverse  results  have  been 
obtained  by  various  observers  of  the  development  of  the 
olfactory  nerve,  it  having  been  held  at  different  times  that 
it  was  formed  by  the  outgrowth  of  fibers  from  the  olfac- 
tory lobes  (Marshall),  from  fibers  which  arise  partly  from 
the  olfactory  lobes  and  partly  from  the  olfactory  epithelium 
(Beard),  from  the  cells  of  an  olfactory  ganglion  originally 
derived  from  the  olfactory  epithelium  but  later  separating 
from  it  (His),  and,  finally,  that  it  was  composed  of  the  pro- 
longations of  certain  cells  situated  and,  for  the  most  part  at 
least,  remaining  permanently  in  the  olfactory  epithelium 
(Disse).  Tlie  most  recent  observations  on  the  structure  of 
the  olfactory  epithelium  and  nerve  indicate  a  greater  amount 
of  probability  in  the  last  result  than  in  the  others,  and  the 
description  which  follows  will  be  based  upon  the  observa- 
tions of  His,  modified  in  conformity  with  the  results  ob- 
tained by  Disse  from  chick  embryos. 

In  human  embrj'os  of  the  fourth  week  the  cells  lining 

the  upper  part  of  the  olfactory  pits  show  a  distinction  into 

ordinary  epithelial  and  sensory  cells,  the  latter,  when  fully 

formed,  being  elongated  cells  prolonged  peripherally  into  a 
40 
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short  but  narrow  process  which  reaches  the  surface  of  the! 
epithelium  and  proximally  gives  rise  to  an  axis-cylinder  I 
process  which  extends  up  toward  and  penetrates  the  tip  o£l 
the  olfactory  lobe  to  coine  into  contact  with  the  dendrites  I 
of  the  first  central  neurones  of  the  olfactory  tract    (I'ig.  [ 


Fig,  245. — Diagram   Ii.lusthatinu  the  Rei^tioks  of  the  Fibers  or'f 

THE    OlF  ACTOR  V     NeBVE. 

Ep,  Epilhcliimi  of  the  olfactory  pit ;  C,  cribiform  plate  of  ihc  ethmoidifl 
G.  Klomeriihis  of  the  olfactory  bulb;  M,  nitlml  ctll,— (Cob  "" 
hue  It  ten.) 

245).  These  cells  constitute  a  neiiro-epithelium  and  in  later  i 
stages  of  development  retain  their  epithelial  position  for  the! 
most  part,  a  few  of  them,  however,  withdrawing  into  the  I 
subjacent  mesenchyme  and  becoming  bipolar,  their  periph-  ' 
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eral  prolongations  ending  freely  among  the  cells  of  the  ol- 
factory epithelium.  These  bipolar  cells  resemble  closely  in 
form  and  relations  the  cells  of  the  embryonic  posterior  root 
ganglia,  and  thus  form  an  interesting  transition  between 
these  and  the  neuro-epithelial  cells. 

The  Organ  of  Jacobson. — In  embryos  of  three  or  four 
months  a  small  pouch-like  invagination  of  the  epithelium 
covering  the  lower  anterior  portion  of  the  median  septum 
of  the  nose  can  readily  be  seen.  This  becomes  converted 
into  a  slender  pouch,  3  to  5  mm.  long,  ending  blindly  at  its 
posterior  extremity  and  opening  at  its  other  end  into  the 
nasal  cavity.  Its  lining  epithelium  resembles  that  of  the 
respiratory  portion  of  the  nasal  cavity,  and  there  is  devel- 
oped in  the  connective  tissue  beneath  its  floor  a  slender 
plate  of  cartilage,  distinct  from  that  forming  the  septum  of 
the  nose. 

This  organ,  which  may  apparently  undergo  degeneration 
in  the  adult,  and  in  some  cases  completely  disappears,  ap- 
pears to  be  the  representative  of  what  is  known  as  Jacobson's 
organ,  a  structure  which  reaches  a  much  more  extensive 
degree  of  development  in  many  of  the  lower  mammals,  and 
in  these  contains  in  its  epithelium  sensory  cells  whose  axis- 
cylinder  processes  pass  with  those  of  the  olfactory  sense  cells 
to  the  olfactory  bulbs.  In  man,  however,  it  seems  to  be  a 
rudimentary  organ,  and  no  satisfactory  explanation  of  its 
function  has  as  yet  been  advanced. 

The  olfactory  neuro-epithelium,  considered  from  a  com- 
parative standpoint,  seems  to  have  been  derived  irom  the 
system  of  lateral  line  organs  so  highly  developed  in  the  lower 
vertebrates  (Kupflfer).  In  higher  forms  the  system,  which 
is  cutaneous  in  character,  has  disappeared  except  in  two 
regions  where  it  has  become  highly  specialized.  In  one  of 
these  regions  it  has  given  rise  to  the  olfactory  sense  cells  and 
in  the  other  to  the  similar  cells  of  the  auditory  apparatus. 
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The  Organs  of  Touch  and   Taste. — Nothing  is  yet  1 

known  concerning  tlie  development  of  the  various  forms  of  J 
tactile  organs,  which  belong  to  the  second  class  of  sensory  ] 
organs  described  above. 

The  Organs  of  Tasle. — The  remaining  organs  of  special 
sense  belong  to  the  third  class,  and  of  these  the  organs  of 
taste  present  in  many  respects  the  simplest  condition.  They 
are  developed  principally  in  connection  with  the  vallate  and 
foliate  papilla  of  the  tongue,  and  of  the  former  one  of  the 
earliest  observed  stages  has  been  fonnd  in  embryos  of  9 
cm.  in  the  form  of  two  ridges  of  epidermis,  lying  toward 


a.  Valley  s 


-  KECKesENTr:vG  the  DeveIiOI'MENT  of  a  Vallate 

Papilla, 
ing  tlie  papilla;  b,  von  Ebncr's  gland. — (Graberg.)       ' 


the  back  part  of  ihe  tongue  and  inclined  to  one  another  in 
such  a  manner  as  to  form  a  V  with  the  apex  directed  back- 
ward. From  these  ridges  solid  downgrowths  of  epidermis 
into  the  subjacent  tissue  occur,  each  downgrowth  having  the  1 
form  of  a  hollow  truncated  cone  with  its  basal  edge  con- 
tinuous with  the  superficial  epidermis  (Fig.  246,  A).  In  ' 
later  stages  lateral  outgrowths  develop  from  the  deeper 
edges  of  the  cone,  and  about  the  same  time  clefts  appear  in 
the  substance  of  the  original  downgrowths  (Fig.  246,  B) 
and,  uniting  together,  finally  open  to  the  surface,  forming 
a  trench  surrounding  a  papilla  (Fig.  246.  C).  Tlie  lateral 
outgrowths,  which  are  at  first  solid,  also  undergo  an  axial 
degeneration  and  become  converted  into  the  glands  of  Ebner 
(t),  which  open  into  the  treiioh  near  its  floor.     The  various 
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papillae  which  occur  in  the  adult  do  not  develop  simulta- 
neously, but  their  number  increases  with  the  age  of  the 
fetus,  and  there  is,  moreover,  considerable  variation  in  the 
time  of  their  development. 

The  taste-buds  are  formed  by  a  differentiation  of  the 
epithelium  which  covers  the  papillae,  and  this  differentiation 
appears  to  stand  in  intimate  relation  with  the  penetration  of 
fibers  of  the  glossopharyngeal  nerve  into  the  papillae.  The 
buds  form  at  various  places  upon  the  papillae,  and  at  one 
period  are  especially  abundant  upon  their  free  surfaces,  but 
in  the  later  weeks  of  intrauterine  life  these  surface  buds 
undergo  degeneration  and  only  those  upon  the  sides  of  the 
trench  persist,  as  a  rule. 

The  foliate  papillae  do  not  seem  to  be  developed  until  some 
time  after  the  circumvallate,  being  entirely  wanting  in  em- 
bryos of  four  and  a  half  and  five  months,  although  plainly 
recognizable  at  the  seventh  month. 

The  Development  of  the  E^r. — It  is  customary  to  de- 
scribe the  mammalian  ear  as  consisting  of  three  parts,  known 
as  the  inner,  middle,  and  outer  ears,  and  this  division  is,  to 
a  certain  extent  at  least,  confirmed  by  the  embryonic  devel- 
opment. The  inner  ear,  which  is  the  sensory  portion  proper, 
is  an  ectodermal  structure,  which  secondarily  becomes  deeply 
seated  in  the  mesodermal  tissue  of  the  head,  while  the  middle 
and  outer  ears,  which  provide  the  apparatus  necessary  for 
the  conduction  of  the  sound-waves  to  the  inner  ear,  are  modi- 
fied portions  of  the  anterior  branchial  arches.  It  will  be 
convenient,  accordingly,  in  the  description  of  the  ear,  to 
accept  the  usually  recognized  divisions  and  to  consider  first 
of  all  the  development  of  the  inner  ear,  or,  as  it  is  better 
termed,  the  otocyst. 

The  Development  of  the  Otocyst. — In  an  embryo  of  2.4 
mm.  a  pair  of  pits  occur  upon  the  surface  of  the  body  about 
opposite  the  middle  portion  of  the  hind-brain  (Fig.  247,  A), 
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Tlie  ectnderm  lining;  the  pits  is  snniewhat  tliicker  than  is  the 
neighboring  ectoflerm  of  the  surface  of  the  botly,  and,  from 
analogy  with  what  occurs  in  other  vertebrates,  it  seems  prob- 
able that  the  pits  are  formed  by  the  invagination  of  localized 
thickenings  of  the  ectoderm.  The  mouth  of  each  pit  grad- 
ually becomes  smaller,  until  finally  the  invagination  is  con- 
verted into  a  closed  sac  (Fig,  247,  B),  which  separates  from 
the  surface  ectoderm  and  becomes  enclosed  within  the  sub- 
jacent mesoderm.  This  sac  is  the  otrx^yst,  and  in  the  stage 
just  descriljed,  found  in  embryos  of  4  mm.,  it  has  an  oval 
or  more  or  less  spherical  form.  Soon,  however,  in  embryos 
of  6.g  mm.,  a  prolongation  arises  from  its  dorsal  portion 


I 


and  the  sac  assumes  the  form  shown  in  Fig,  248,  A;  this 
prolongation,  which  is  held  by  some  authors  to  be  the  re- 
mains of  the  stalk  which  originally  connected  the  otocyst 
sac  with  the  surface  ectoderm,  represents  the  iIhcIiis  cndo- 
iympkalictts,  and,  increasing  in  length,  it  soon  becomes  a 
strong  club-shaped  process,  projecting  considerably  Iwyond 
the  remaining  portions  of  the  otocyst  (Fig.  248,  B).  In 
embryos  of  aliout  10.2  mm,  the  sac  begins  to  show  certain 
other  irregularities  of  shajje  (I''ig.  248,  B,str),  Tims,  about 
opposite  the  prjint  of  origin  of  the  ductus  endolymphaticus 
three  folds  make  their  apiwarance,  representing  the  semi- 
circular duels,  and  as  they  increase  in  size  tlie  opposite  walls 
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of  llie  central  iwrlinn  of  each  fold  come  together,  fuse,  and 
finally  beonie  absorl>ed,  leaving  the  free  edge  of  the  fold 
as  a  crescentic  canal,  at  one  end  of  which  an  enlargement 
appea^^  to  form  the  ampulla.  The  transformation  of  the 
folds  into  canals  takes  place  somewhat  earlier  in  the  cases 
of  the  two  vertical  than  in  that  of  the  horizontal  duct,  as 


</i-.  Endolyniphalic  iliict;  ge.  ganglion  cochleare;  gg.  ganglinn  genicula- 
lura ;  gv.  ganglion  veslibulare ;  sc,  laicrai  semicircular  duct. — 
(His,  Jr.) 

may  be  seen  from  Fig.  249,  which  represents  the  condition 
occurring  in  an  embryo  of  13.5  mni. 

A  short  distance  below  the  level  at  which  the  canals  coni- 
mimicate  with  the  remaining  portion  of  the  otocyst  a  con- 
striction appears,  indicating  a  separation  of  the  otocyst  into 
a  more  dorsal  portion  and  a  more  ventral  one.     Later,  the 
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latter  Ijegins  In  |»e  prolonged  into  a  flattened  canal  wliich, 
as  il  elongates,  becomes  coiled  upon  itself  and  also  becomes 
separated  by  a  constriction  from  the  remaining  portion  of 
the  otocyst  (Fig.  250),  This  canal  is  the  ductus  cochlearts 
(scala  media  of  the  cochlea),  and  the  remaining  portion  of 
the  otocyst  snbsequently  he- 
comes  divided  by  a  constriction 
into  the  iitriculus,  with  which 
the  semicircnlar  ducts  are  con- 
nected, and  the  saccultis.  The 
constriction  which  separates 
the  cochlear  duct  from  the 
sacculus  becomes  the  ductus 
rcmtictix,  while  that  Iwtween 
the  ntriculus  and  sacculus  is 
converted  into  a  narrow  canal 
with  which  the  ductus  endo- 
lyinplia tlcus  connects,  and 
hence  il  is  that,  in  the  adult, 
the  connection  between  these  ^ 
two  portions  of  the  otocyst 
seems  to  be  formed  by  the  , 
ductus  dividing  proximally  into 
two  limbs,  one  of  which  is  ] 
connected  with  the  utricle  and  j 
1-ii.,  -4j     1:..  ..:,.i.iLLrioN  Of    the  other  with  the  saccule. 

me  UiotvsT  OK  AN  Embrvo         When  first  observed  in  the  ' 
c^aiM^Tdf.  endolymphatic    buuian    embryo    the    auditory  j 
diicK   i::    semie'fcular   duel    ganglion    is   closely    associated  , 
'  '    '''  with    the    geniculate    ganglion  i 

of  the  seventh  nerve  (Fig.  248,  B),  the  two,  usually  spoken   [ 
of  as  the  acustico- facialis  ganglion,  forming  a  mass  of  cells   ( 
lying  in  close  contact  with  the  anterior  wall  of  the  otocyst. 
The  origin  of  the  ganglionic  mass  has  not  yet  been  traced 
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ill  tlie  niammaiiii,  but  it  has  been  observeil  that  in  cow  em- 
bryos ihe  geniculate  ganglion  is  connected  with  the  ectoderm 
at  the  dorsal  end  of  the  first  branchial  cleft  (Froriep),  and 
it  may  perhaps  be  regarded  as  one  of  the  epibranchial  gan- 
glia (see  p.  445),  and  in  the  lower  vertebrates  a  union  of 
the  ganglion  with  a  suprabranchial  ganglion  has  been  ob- 
served  (KupfTer),  this  union  indicating  the  origin  of  the 


limb  of  superior  and  posterior  semicircular  ducts;  eg, 
cochlear  ganglion;  co,  cochlea;  de,  endoiytiiphalic  duct;  *,  saccilhis; 
idl,  sdp.  and  sds.  lateral,  posterior  and  superiiir  semicircular  ducts; 
u,  utriculus;  vg,  vestibular  ganglion. — (Sireettr.) 

auditory  ganglion  from  one  or  more  of  the  ganglia  of  the 
lateral  line  system. 

At  an  early  stage  in  the  human  embryo  the  auditory 
ganglion  shows  indications  of  a  division  into  two  portions, 
a  more  dorsal  one,  which  represents  the  future  ganglion 
vestibitlare,  and  a  ventral  one,  the  ganglion  cochleare.  The 
gang;lion  cells  become  bipolar,  in  which  condition  they  re- 
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main  tiiroiighmit  life,  never  reaching  tlie  T-shaped  condi- 
tion found  in  most  of  the  other  peripheral  cerehro-spinal  I 
gangha.     One  of  the  prolongations  of  each  cell  is  directed  I 
centrally  to  form  a  fiber  of  the  auditory  nerve,  while  the  | 
other  penetrates  the  wall  of  the  otocyst  to  enter  into  rela- 


Fic.  iSi.~THE  RiGUT  iNTEkNAL  Ear  oi'  AN  EMMyo  OF  Six  Months.'^ 

ca,  ec,  and  cp,  SiiptrJor,  laferal,  and  posterior  semicircular  ducts;  t  ,  , 

crisis  acuslicai  de,  endolymphalic  duct;  U,  spiral  lif^menl;  mb,  t 

basilar  membrane;  ms  and  mv.  mai-ula  acusiica  sacciili  and  ii' 

culi;  rb,  basilar  branchts  of  the  ci>cli!ear  nerve. — (/fi:l:iiis.) 

tions  with  certain  specially  modified  cells  which  differentiate 
from  its  lining  epithelinm. 

In  the  earliest  stages  the  ectodermal  lining  of  the  otocyst 
is  formed  of  similar  goliiinnar  cells,  but  later  over  the  greater  ^ 
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part  oi  the  surface  the  cells  flatten  down,  only  a  few,  aggre- 
gated together  to  form  patches,  retaining  the  high  cohimnar 
fiirni  and  <leve!iiping  hair-like  processes  upon  their  free  snr- 
faces.  These  are  the  sensory  cells  of  the  ear.  In  the 
human  ear  there  are  in  all  six  patches  of  these  sensory  cells, 
an  elongated  patch  (crista  ampiillaris)  in  the  ampulla  of 
each  semicircular  canal  (Fig.  251,  cr).  a  ruuml  patch  (ma- 


cula acustica,  mu)  iii  the  ntriculus  and  another  (ms)  In  the 
saccuhis,  and,  finally,  an  elongated  patch  which  extends  the 
entire  length  of  the  scala  media  of  the  cochlea  and  forms 
the  sensory  cells  of  the  sl'iral  organ  of  Corfi.  Tlie  cells  of 
this  last  patch  are  connected  with  the  fillers  from  the  coch- 
lear ganglion,  while  those  of  the  vestibular  ganglion  pass 
to  the  cristpe  and  macule. 
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In  connection  with  the  spiral  organ  certain  adjacent  cells: 
also  retain  their  coliiinnar  form  and  undergo  various  modi- 
fications, giving  rise  to  a  rather  comphcated  structure 
development  has  been  traced  in  the  rabbit.  Along  the  wholi 
length  of  the  cochlear  duct  the  celts  resting  upon  that  hall 
of  the  basilar  membrane  which  is  nearest  the  axis  of  thi 
cochlea,  and  may  be  termed  the  inner  half,  retain  their 
columnar  shape,  forming  two  ridges  projecting  slightly  into 
the  cavity  of  the  scala  {Fig.  252).  The  cells  of  the  inner 
ridge,  much  the  larger  of  the  two.  give  rise  to  the  mctn- 
brana  tectona,  either  as  a  cuticular  secretion  or  by  the  arti- 
ficial adhesion  of  long  hair-like  processes  which  project  froiii' 
their  free  surfaces  (Ayers).  The  cells  of  the  outer  ridge 
are  arranged  in  six  longitudinal  rows  (Fig.  252,  1-6)  ;  thosftJ 
of  the  innermost  row  ( i)  develop  hairs  upon  their  free  sur- 
faces and  form  the  inner  hair  cells,  those  of  the  next  two 
rows  (2  and  3)  gradually  become  transformed  on  their 
adjacent  surfaces  into  chitinous  substance  and  form  the  rods 
of  Corti,  while  the  three  outer  rows  (4  to  6)  develop  into 
the  outer  hair  cells.  It  is  in  connection  with  the  hair  cells 
that  the  peripheral  prolongations  of  the  cells  of  the  cochlear 
ganglion  terminate,  and  since  these  hair  cells  are  arranged 
in  rows  extending  the  entire  length  of  the  cochlear  duct,  the 
ganglion  also  is  drawn  out  into  a  spiral  following  the  coili 
of  the  cochlea,  and  hence  is  sometimes  termed  the  spi 
ganglion. 

While  the  various  changes  described  almve  have  been 
taking  place  in  the  otocyst,  the  mesoderm  surrounding  it< 
has  also  been  undergoing  development.  At  first  this  tissue 
is  quite  uniform  in  character,  but  later  the  cells  immediately 
surrounding  the  otocyst  condense  to  give  rise  to  a  fibrous 
layer  (Fig-  253,  cp)  while  more  peripherally  they  become 
more  loosely  arranged  and  fonii  a  somewhat  gelatinous 
layer  (j),  and  still  more  peripherally  a  second  fibrous  layer 
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is  differentiated  and  the  remainder  of  the  tissue  assumes  a 
character  which  indicates  an  approaching  conversion  into 
cartilage.     The  further  history  of  these  various  layers  is 
as  follows:  The  inner  fibrous  layer  gives  rise  to  the  con- 
nective-tissue wall  which 
supports    the    ectodermal    . 
lining     of     the     various 
portions  of   the  otocyst; 
the  gelatinous   layer  un- 
dergoes a  degeneration  to 
form   a   lymph-like   fluid 
known  as  the  perilymph, 
the  space  occupied  by  the 
fluid   being   the   perilym- 
phatic   space;    the    outer 
fibrous  layer  becomes  peri- 
chondrium and  later  peri- 
osteum; and  the  procarti- 
lage  undergoes  chondrifi- 
cation  and  later  ossifies  to 
form  the  petrous  portion  of  the  temporal  bone. 

The  gelatinous  layer  completely  surrounds  most  of  the 
otocyst  structures,  which  thus  come  to  He  free  in  the  peri- 
lymphatic space,  but  in  the  cochlear  region  the  conditions 
are  somewhat  different.  In  this  region  the  gelatinous 
layer  is  interrupted  along  two  lines,  an  outer  broad  one 
where  the  connective-tissue  wall  of  the  cochlear  duct  is 
directly  continuous  with  the  perichondrium  layer,  and  an 
inner  narrow  one,  along  which  a  similar  fusion  takes  place 
with  the  perichondrium  of  a  shelf-like  process  of  the  car- 
tilage, which  later  ossifies  to  form  the  lamina  spiralis. 
Consequently  throughout  the  cochlear  region  the  perilym- 
phatic space  is  divided  into  two  compartments  which  com- 
municate at  the  apex  of  the  cochlea,  while  l)elow  one,  known 


Fir,.       253.  —  Transverse      Section 

THROl(;n      A      SKMiriRC'l'LAR      DucT 

OF  A  Rahhit  J^mhrvo  of  Twenty- 
four  Days. 

c,  Periolic  cartilaj^e;  ep,  fibrous  mem- 
brane beneath  the  epithelium  of 
the  canal;  />,  perichondrium;  s, 
spongy   tissue. —  {yon   Kolliker.) 
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as  tlie  sciila  vt'stibuli,  ciiininunicates  with  the  sjKice  surroiind-1 
ing  the  saccule  and  utricle,  and  the  other,  the  scala  tympanij 
ahuts  upon  a  membrane  which  separates  it  from  the  cavityj 
of  the  middle  ear  and  represents  a  portion  of  the  outer  wallj 
of  the  petrous  Iwne  where  choudrilication  and  ossificati<Hifl 
have  failed  to  occur.     This  membrane  cliases  what  appears 
in  the  dried  skull  to  l>e  an  ojiening  in  the  inner  wall  of  thbj 
middle  ear,  known  as  the  fenestra  cochlea  {rotunda)  ; 
other  similar  opening,  also  closed  by  membrane  in  the  fresllT 


;  Section   TriRouc.M   a  Coii.  (W| 

1  Reijvtion  op  the  Scal.*. 

c.  Organ  of  Corti;  en.  ganglion  cochleare;  Is,  lamina  spiralis;  Sii, 

cothlcar  duct;   ST,   seals    lympani;   SI',  scala   vcsiibiilj. — (Pro' 

Gerlack.) 

skull,  occurs  in  the  bony  wall  opposite  the  utricular  portion  | 
nf  the  otocyst  and  is  known  as  the  fenestra  vestihuli  (ovalis). 

The  Development  of  the  Middle  Ear. — The  middle  ear  I 
develops  from  the  u|>per  part  of  the  pharyngeal  groove  I 
ipvliich  represents  the  endodermal  portion  cif  ihe  first  I 
branchial  cleft,     lliis  Iiecomes  prolonged  dorsally  and  at  1 


THE    MIDDLE   EAR.  4/1 

its  dorsal  end  enlarges  to  form  the  tympanic  cavity,  while 
the  narrower  ix)rtion  intervening  l)etween  this  and  the 
pharyngeal  cavity  represents  the  tuba  auditiva  (Eustachian 
tube). 

To  correctly  understand  the  development  of  the  tympanic 
cavity  it  is  necessary  to  recall  the  structures  which  form  its 
boundaries.  Anteriorly  to  the  upper  end  of  the  first  branch- 
ial pouch  there  is  the  upper  end  of  the  first  arch,  and  behind 
it  the  corresixmding  part  of  the  second  arch,  the  two  fusing 
together  dorsal  to  the  tympanic  cavity  and  forming  its  roof. 
Internally  the  cavity  is  bounded  by  the  outer  wall  of  the 
cartilaginous  investment  of  the  otocyst,  while  externally  it 
is  separated  from  the  upi)er  part  of  the  ectodermal  groove 
of  the  first  branchial  cleft  bv  the  thin  membrane  which  forms 
the  floor  of  the  groove. 

It  has  l)een  seen  in  an  earlier  chapter  that  the  axial  meso- 
derm of  each  branchial  arch  gives  rise  to  skeletal  structures 
and  muscles.  The  axial  cartilage  of  the  ventral  iK)rtion  of 
the  first  arch  is  what  is  known  as  Meckel's  cartilage,  but  in 
that  portion  of  the  arch  which  forms  the  r(K>f  and  anterior 
wall  of  the  tympanic  cavity,  the  cartilage  l)ecomes  con- 
stricted to  form  two  masses  which  later  ossifv  to  form  the 
malleus  and  incus  (Fig.  250,  ;;/  and  /),  while  the  muscular 
tissue  of  this  dorsal  ix)rtion  of  the  arch  gives  rise  to  the 
tensor  tympani.  Similarly,  in  the  case  of  the  second  arch 
there  is  to  be  found,  dorsal  to  the  extremity  of  the  cartilage 
which  forms  the  styloid  process  of  the  adult,  a  narrow  plate 
of  cartilage  which  forms  an  investment  for  the  facial  nerve 
(Fig.  250,  r//),  and  dorsal  to  this  a  ring  of  cartilage  (^0 
which  surrounds  a  small  stai)edial  artery  and  represents  the 
stapes. 

It  has  l)een  found  that  in  the  rabbit  the  mass  of  cells  from 
which  the  stapes  is  formed  is  at  its  first  appearance  quite 
independent  of  the  second  branchial  arch  (Fuchs),  and  it 
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has  l)een  held  to  be  a  derivative  of  tlie  mesenchyme  from  j 
which  the  periotic  capsule  is  formed.  In  later  stages,  how-  I 
ever,  it  hecomes  connected  with  the  cartilage  of  the  second  f 
branchial  arch,  as  shown  in  Fig.  255,  and  it  is  a  question  J 
whether  this  connection,  which  is  transitory,  does  not  really  | 
indicate  tlie  phylogenetic  origin  of  the  ossicle  from  the  sec- 
ond arch  cartilage,  its  appearance  as  an  independent  stmc-l 


Fic.  255.— Semi-oiagrammatic  View  of  the  Aiditohv  Ossicles  or  AH  j 
Embkyo  or  Six  Weeks, 

I,  Incus;  /,  jugular  vdn ;  m,  malleus;  mc,  Mn'tcel'i;  cartilage;  oe,  cap-l 
sulc  of  otocysi;  R,  cartilage  of  (he  second  branchial  arch;  tt,'9 
stapes;  y/I,  facia!  netve.—iSicbcnmatm.)  " 

ture  being  a  secondary  ontogenetic  phenomenon.     Howevw 
that  may  be,  the  stapedial  artery  disappears  in  later  stages  I 
and  the  stapedius  muscle,  derived  from  the  musculature  of  1 
the  second  branchial  arch  and   therefore  supplied   by   the  | 
facial  nerve,  becomes  attached  to  the  ossicle. 

The  three  ossicles  at  first  lie  embedded  in  the  mesenchyme 
forming  the  roof  of  the  primitive  tympanic  cavity,  as  does  I 
also  the  chorda  tympani,  a  branch  of  the  seventli  nerve,  aa  J 
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it  passes  into  the  siiltstancc  of  tlie  first  arcli  nn  t!ie  way  to 
its  destination.  The  mesenchyme  in  which  these  various 
structures  are  embedded  is  rather  voluminous  (Fig.  257), 
and  after  the  end  of  the  seventh  m'-nth  t>ei-.'nic=  converted 

into  a  peculiar  spongy  tisi^uc,      b_ 

which,  toward  the  end  of  fet.1l  ^ 

life,  gradually  degenerates,  ihL-  "^     "' 

tympanic  cavity   at    the    sanic 

time  expanding  and  wrapping;  •■....  _4 

itself  around  the  ossicles  and 

the  muscles  attached  to  them 

(Fig.   256).      The   bones   and  ^iMt^'-M 

their     muscles,     consequently, 

while  appearing  in  the  adult  V  • 

traverse  the  tympanic  cavity, 

are  really  completely  enclosed 

within   a   layer   of   epithelium      ''^^^P^^SHHH^^^ 

continuous  with  that  lining  the  viji'M/        '\ 

wall  of  the  cavity,   while   the 

handle  of  the  malleus  and  iIr*  ^ 

chorda  tympant  lie  between  the  <■' 

epithelium  of  the  outer  wall  '"■  ^M>-"i^'■'■ '^1-  '"'.-■ 
of  the  cavity  and  the  fibrous  ujn^iun  ,it  Hu.  I  v.\ii-a.nil: 
mesoderm  which  forms  the  r,m"oi^ic'!Es"  ^"^  ^'""' 
tympanic  membrane.  M,  Malleus;  m.  spongy  mesen- 

The    extension    of    the    tvni-  <^hyme;   ^   inner   surface   of 

ihc  penolic  capsule;  T,  tym- 
panic cavity  does  not,  however,  panic  cavity.  The  broken 
-.L  ■.  1  ,  c  i'"«  represents  the  epithelial 
cease  with  its  replacement  of  lining  of  the  tympanic  cavity, 
the  degenerated  spongy  mesen- 
chyme, but  toward  the  end  of  fetal  life  it  begins  to  invade 
the  substance  of  the  temporal  bone  by  a  process  similar  to 
that  which  produces  the  ethmoidal  cells  and  the  other  osse- 
ous sinuses  in  connection  with  the  nasal  cavities  (see  p. 
186),     This  process  continues  for  some  years  afler  birth 


474 


THE   MIDDLE   EAR. 


and  results  in  the  formation  in  tlie  mastoid  portion  of  the  j 
bone  of  the  so-called  mastoid  cells,  which  communicate  witK  I 
the  tympanic  cavity  and  have  an  epitheUal  hning;  continuous  1 
with  that  of  the  cavity. 

The  lower  portion  of  the  diverticulum  from  the  first  I 
pharyngeal  groove  which  give's  rise  to  the  tympanic  cavity  J 
becomes  converted  into  the  Eustachian  tulie.  During  devel- 
opment the  lumen  of  the  tul>e  disappears  for  a  time,  prob-  1 
ably  owing  to  a  proliferation  of  its  hning  epithelium,  but  | 
it  is  re-established  before  birth. 

In  the  account  of  the  development  of  the  car-lwnes  given  i 
above  it  is  held  that  the  malleus  and  incus  are  derivatives  of  J 
the  first  branchial  (mandibular)  arch  and  the  staiHfs  probably  I 
of  the  second.  This  view  represents  the  general  consensus  of  1 
recent  workers  on  the  difficult  question  of  the  origin  of  these -I 
bones,  but  it  should  be  mentioned  that  nearly  al!  possible  modes  J 
of  origin  have  been  at  one  time  or  other  suggested,  The  mal- 
leus has  very  generally  been  accepted  as  coming  from  the  first  ] 
arch,  and  the  same  is  true  of  the  incus,  although  some  earlier  i 
authors  have  assigned  it  to  the  second  arch.  But  with  regard  I 
to  the  stapes  the  opinions  have  Ikcu  very  varied.  It  has  been  I 
held  to  be  derived  from  the  first  arch,  from  the  second  arch,  I 
from  neither  one  nor  the  other,  hut  from  the  cartilaginous  in- J 
vestment  of  the  otocyst,  or,  finally,  it  has  been  held  to  have  a  1 
compound  origin,  its  arch  being  a  product  of  the  second  arch' I 
while  its  basal  plate  was  a  part  of  the  otocyst  investment. 

The  Development  of  tin:  Tympanic  Membrane  ami  of  the  1 
Outer  Ear. — Just  as  the  tympanic  cavity  is  formeil  from  the  \ 
endodermal  groove  of  the  first  branchial  cleft,  so  the  outer  I 
ear  owes  its  origin  to  the  ectodermal  groove  of  the  samel 
cleft  and  to  the  neighboring  arches.  The  dorsal  and  mosri 
ventral  portions  of  the  groove  flatten  out  and  disappear,  I 
but  the  median  portion  deepens  to  form,  at  alwmt  the  end  j 
of  the  second  month,  a  funnel-shaped  cavity  which  corre- 
sponds to  the  outer  [xirtion  of  the  external  auditory  meatus. 
From  the  inner  end  of  this  a  solid  ingrowth  of  ectoderm  ] 
takes  place,  and  this,  enlarging  at  its  inner  end  to  form  a  j 
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(lisk-!ike  mass,  aimes  intn  relatinn  with  llie  gelatinous  tiiesn- 
denii  wliidi  surnmntls  the  maUeiis  anil  chorda  tympani. 
At  about  the  seventh  mnnth  a  split  occurs  in  the  disk-like 
mass  (Fig.  257),  separating  it  into  an  outer  and  an  inner 
layer,  the  latter  of  which  becomes  the  outer  epithelium  of 
the  tympanic  menilirane.     I^ter,  the  split  extends  outward 


I 


Fi(i.  257.— Horizontal  Section  Passu 
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:  duct;  i. 


C,  Cochlea:  de.  cndolyinphj 


lateral    semicircular 


Wall 

Embbvo  or  4.5  CM. 
//,  transverse  sinus;  t«. 
nr',  cavity  of  the  meatus; 
posterior   ; 


circular  canal;  si,  stapes;  t.  tytnpanic  cavity;  u.  utriculns;  7,  facial 
r\em.-~i_Siehe«mann.) 

in  the  substance  of  the  ectodermal  ingrowth  and  eventually 
unites  with  the  funnel-shaped  cavity  to  complete  the  exter- 
nal meatus. 
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The  tympanic  membrane  is  formed  in  considerable  pa 
from  the  substance  of  the  first  branchial  arch,  the  area  i 
which  it  occurs  not  being  primarily  part  of  the  wall  of  li 
tympanic  cavity,  but  being  brought  into  it  secondarily  by  tl 
expansion  of  the  cavity.     The  membrane  itself  is  mesoder- | 


nittl  ill  uriffiii  and  is  lined  on  its  outer  surface  by  an  ecto- 
ilermul  anil  on  tlic  inner  by  an  endodermal  epithelium. 

The  aurUlf  {/■iumi)  i»\vcs  ils  origin  lo  the  portions  of  the 
firHt  imd  spcimd  arches  which  bound  the  entrance  of  the 
exlcniiil  luriitiis,  l']Kiii  llie  jKtsterior  edge  of  the  first  arch 
|h«re  apjusar  iiLniiii  the  eiiii  o(  the  fourth  week  two  trans- 
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verse  furrows  which  mark  off  three  tubercles  (Fig.  258,  A, 
1-3)  and  on  the  anterior  edge  of  the  second  arch  a  corre- 
sponding number  of  tubercles  (4-6)  is  formed,  while,  in 
addition,  a  longitudinal  furrow,  running  down  the  middle 
of  the  arch,  marks  off  a  ridge  (c)  lying  posterior  to  the 
tubercles.  From  these  six  tubercles  and  the  ridge  are  devel- 
oped the  various  parts  of  the  auricle,  as  may  be  seen  from 
Fig.  258.  The  most  ventral  tubercle  of  the  first  arch  (i) 
gives  rise  to  the  tragus,  and  the  middle  one  (5)  of  the  sec- 
ond arch  furnishes  the  antitragns.  The  middle  and  dorsal 
tubercles  of  the  first  arch  (2  and  3)  unite  with  the  ridge 
(c)  to  produce  the  helix,  while  from  the  dorsal  tubercle  of 
the  second  arch  (4)  is  produced  the  anthelix  and  from  the 
ventral  one  (6)  the  lobule.  It  is  noteworthy  that  at  about 
the  third  month  of  development  the  upper  and  posterior 
portion  of  the  helix  is  bent  forward  so  as  to  conceal  the 
anthelix;  it  is  at  just  alx)Ut  a  corresponding  stage  that  the 
pointed  form  of  the  ear  seen  in  the  lower  mammals  makes 
its  appearance,  and  it  is  evident  that,  were  it  not  for  the 
forward  bending,  the  human  ear  would  also  be  assuming 
at  this  stage  a  more  or  less  ])ointed  form.  Indeed,  there  is 
usually  to  be  found  upon  the  incurved  edge  of  the  helix, 
some  distance  below  the  ui)per  border  of  the  auricle,  a  more 
or  less  distinct  tubercle,  known  as  Damnn's  tubercle,  which 
seems  to  represent  the  point  of  the  typical  mammalian  ear, 
and  is,  accordingly,  the  morphological  apex  of  the  pinna. 

There  seems  to  be  little  room  for  doubt  that  the  otocyst 
belongs  primarily  to  the  system  of  lateral  line  sense-organs, 
but  a  discussion  of  this  interesting  question  would  necessitate 
a  consideration  of  details  concerning  the  development  of  the 
lower  vertebrates  which  would  be  foreign  to  the  general  plan 
of  this  book.  It  may  be  recalled,  however,  that  the  analysis 
of  the  components  of  the  cranial  nerves  described  on  page  443 
refers  the  auditory  nerve  to  the  lateral  line  system. 

The  Development  of  the  Eye. — The  first  indications  of 
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tbe  development  of  tlie  eye  are  tn  he  fniind  in  a  pair  of'l 
hollow  outgrowths  from  the  side  of  ihe  first  primary  brain 
vesicle,  at  a  level  which  corresponds  lo  the  junction  of  th< 


Fic.  asg,— Early   Stages   in   the   Dcteu)mmknt  ut    thf.   Lkns  d 
Rabbit  Embhvu 

The  nucleated  layer  in  the  left  is  the  ectoderm  and  ihc  thicker  lens  ep)-  I 
ihelinm,  below  which  is  Ihe  oiiier  wall  of  ilie  opiic  cvaeinaiion;  f 
above  and  below  liciwcen  the  two  is  niescnehymc. — (lialil,) 

dorsal  and  ventral  zones.     Each  evagination  is  directed  atJ 
first  upward  and  backward,  and,  enlarging  at  its  extremity,  I 
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it  soon  shows  a  diflferentiation  into  a  terminal  bulb  and  a 
stalk  connecting  the  bulb  with  the  brain  (Fig.  225).  At 
an  early  stage  the  bulb  comes  into  apposition  with  the  ecto- 
derm of  the  side  of  the  head,  and  this,  over  the  area  of  con- 
tact, becomes  thickened  and  then  depressed  to  form  the 
beginning  of  the  future  lens  (Fig.  259). 

As  the  result  of  the  depression  of  the  lens  ectoderm,  the 
outer  wall  of  the  optic  bulb  becomes  pushed  inward  toward 
the  inner  wall,  and  this  invagination  continuing  until  the 


Fkj,    260. — Reconstrittton    of   the    Brain   ok   an    Embryo  of    Four 
Weeks,  showing  the  Chorioid  Fissure. —  (His.) 


two  walls  come  into  cc^ntact,  the  bulb  is  transformed  into 
a  (l()ul:)Ie-walle(l  cup,  the  optic  cup,  in  the  mouth  of  which 
lies  the  lens  (Fig.  261).  The  cup  is  not  perfect,  however, 
since  the  invagination^  affects  not  only  the  optic  bulb,  but 
also  extends  medially  on  the  posterior  surface  of  the  stalk, 
forming  upon  this  a  longitudinal  groove  and  producing  a 
defect  of  the  ventral  wall  of  the  cup,  known  as  the  chorioidal 
fissure  (Fig.  260).  The  groove  and  fissure  become  occu- 
pied by  mesodermal  tissue,  and  in  this,  at  about  the  fifth 
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week,  a  blood-vessel  develops  which  traverses  the  cavity  of  the 
cup  to  reach  the  lens  and  is  known  as  the  arteria  hyaioidea. 

In  the  meantime  further  changes  have  been  taking  place 
in  the  lens.  The  ectodermal  depression  wliich  represents 
it  gradually  deepens  to  form  a  cup,  the  lips  of  which  ap- 
proximate and  finally  meet,  so  that  the  cup  is  converted 
into  a  vesicle  which  finally  separates  completely  from  tlie 
ectoderm  (Fig.  261),  much  in  the  same  way  as  the  otocyst 
does.  As  the  lens  vesicle  is  constricted  off.  the  surround- 
ing mesodermal  tissue  grows  in  to  fomi  a  layer  between 
it  and  the  overlying  ectoderm,  and  a  split  appearing  in  the 
layer  divides  it  into  an  outer  thicker  portion,  which  repre- 
sents the  cornea,  and  an  inner  thinner  portion,  which  covers 
the  outer  surface  of  the  lens  and  becomes  highly  vascular, 
The  cavity  between  these  two  portions  represents  the  a»/erior 
chamber  of  the  eye.  The  cavity  of  the  optic  cup  has  also 
become  filled  by  a  peculiar  tissue  which  represents  the  znt- 
reous  humor,  while  the  mesodermal  tissue  surrounding  the 
cup  condenses  to  fonn  a  strong  investment  for  it,  which  is 
externally  continuous  with  the  cornea,  and  at  about  the  sixth 
week  shows  a  differentiation  into  an  inner  vascidar  layer, 
the  chorioiil  coat,  and  an  outer  denser  one,  which  l>ecomes 
the  sclerotic  coal. 

The  various  processes  resulting  in  the  formation  of  the 
eye,  which  have  thus  Iwen  rapidly  sketched,  may  now  be 
considered  in  greater  detail. 

The  Dex'ciopmcnt  of  the  Lens. — When  the  lens  vesicle  is 
complete,  it  forms  a  more  or  less  spherical  sac  lying  beneath 
the  sujwrficial  ectoderm  and  containing  in  its  cavity  a  few 
cells,  either  scattered  or  in  groups  (Fig,  261 ).  Tliese  cells, 
which  have  wandered  into  the  cavity  of  the  vesicle  from  its 
walls,  take  no  part  in  the  further  development  of  the  lens, 
but  early  undergo  complete  degeneration,  and  the  first  change 
which  is  concerned  with  the  actual  formation  of  the  lens  is 
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an  increase  in  tlie  height  of  the  cells  forming  its  inner  wall 
and  a  thinning  out  of  its  outer  wall  (Kig.  262,  A).  These 
changes  continuing,  the  outer  half  of  the  vesicle  becomes 
converted  into  a  single  layer  of  somewhat  flat  cells  which 
persist  in  the  adult  condition  to  fonii  the  anterior  epithelium 
of  the  lens,  while  the  cells  of  the  jrosteriur  wall  form  a 
marked  prujectitm  into  the  cavity  of  the  vesicle  and  event- 
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ually  completely  obliterate  it,  coming  into  contact  with  the 
inner  surface  of  the  anterior  epithelium  (Fig,  262,  S). 
Tliese  posterior  elongated  cells  fonii,  then,  the  principal 
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mass  of  the  lens,  and  constitute  what  are  known  as  the  leHi 
fibers.     At  first  those  situated  at  the  center  of  the  posterioi 
wall  are  the  longest,  the  more  peripheral  ones  gradi 
diminishing;  in  length  until  at  the  equator  of  the  lens  tliejrl 
become  continuous  with  and  pass  into  the  anterior  epithe- 
lium.    As  the  lens  increases  in  size,  however,  the  most  cen- 
trally situated  cells  fail  to  elongate  as  rapidly  as  the  moM 
peripheral  ones  and  are  pushed  in  toward  the  center  of  ttu 
lens,  the  more  peripheral  fibers  meeting  lieluw  them  along  4 
line  passing  across  the  inner  surface  of  the  lens.     The  dis^ 
parity  of  growth  continuing,  a  similar  sutural  line  appea 
on  the  outer  surface  beneath  the  anterior  epithelium,  and  tlw 
fibers  become  arranged  in  concentric  layers  around  a  centralv 
core  composed  of  the  shorter  fibers.     In  the  human  eye  thel 
line  of  suture  of  the  peripheral  fibers  becomes  bent  so  as  t 
consist  of  two  limbs  which  meet  at  an  angle,  and  from  th« 
angle  a  new  sutural  line  develops  during  embryonic  life^ 
so  that  the  suture  assumes  the  form  of  a  three-rayed  star.fl 
In  later  life  the  stars  become  more  complicated,  being  eithet 
six-rayed  or  more  usually  nine-rayed  in  the  adult  conditioi 
(Fig.  263). 

As  early  as  the  second  month  of  development  the  1 
vesicle  becomes  completely  invested  by  the  mesodermal  tissun 
in  which  blood-vessels  are  developed  in  considerable  nui 
bers,  whence  the  investment  is  termed  the  tunica  vasculost 
li'nlis  (Fig,  271,  tv).  The  arteries  of  the  tunic  are  in  coi 
nection  principally  with  the  hyaloid  artery  of  the  vitrec 
humor  (Fig.  269),  and  consist  of  numerous  fine  branch<9| 
which  envelop  the  lens  and  terminate  in  loops  almost  at  th| 
center  of  its  outer  surface.  This  tunic  undergoes  degeners 
tion  after  the  seventh  month  of  development,  by  which  tirrt 
the  lens  has  completed  its  period  of  most  active  growth,  and, 
as  a  rule,  completely  disappears  before  birth.  Occasionally, 
however,  it  may  persist  to  a  greater  or  less  extent,  the  per- 
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sistence  of  the  portion  covering  the  outer  surface  of  the  leti! 
known  as  the  membrana  piipillaris,  causing  the  iiialformatio 
known  as  congenital  atresia  of  the  pupil. 

In  ailthtion  to  the  vascular  tunic,  the  lens  is  surroundei 


by  a  non-cellular  membrane  lermed  the  capsule.  The  origin 
of  this  structure  is  still  in  douht,  some  observers  maintainin] 
that  it  is  a  product  of  the  Investing  mesoderm,  while  otherjj 
hold  it  to  be  a  product  of  the  lens  epithelium. 

It  is  interesting  from  ihe  standpoint  of  developmental  me- 
chanics tii  nntc  that  W-  H.  Lewis  and  Spcmann  have  shown' 
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that  in  the  Amphibia  contact  of  the  optic  vesicle  with  the 
ectoderm  is  necessary  for  the  formation  of  the  lens,  and, 
furthermore,  if  the  vesicle  be  transplanted  to  other  regions  of 
the  body  of  a  larva,  a  lens  will  be  developed  from  the  ectoderm 
with  which  it  is  then  in  contact,  even  in  the  abdominal  region 

The  Development  of  the  Optic  Cup. — When  the  invagina- 
tion of  the  outer  wall  of  the  optic  bulb  is  completed,  the 
margins  of  the  resulting  aip  are  opposite  the  sides  of  the 
lens  vesicle  (Fig.  261),  but  with  the  enlargement  of  the  lens 
and  cup  the  margins  of  the  latter  gradually  come  to  He  in 
front  of — that  is  to  say,  upon  the  outer  surface  of — the  lens, 
forming  the  boundary  of  the  opening  known  as  the  pupil. 
The  lens,  consequently,  is  brought  to  lie  within  the  mouth 
of  the  optic  cup,  and  that  portion  of  the  latter  which  covers 
the  lens  takes  part  in  the  formation  of  the  iris  and  the  adja- 
cent ciliary  body,  while  its  posterior  portion  gives  rise  to  the 
retina. 

The  chorioidal  fissure  normally  disappears  during  the 
sixth  or  seventh  week  of  development  by  a  fusion  of  its 
lips,  and  not  until  this  is  accomplished  does  the  term  cup 
truly  describe  the  form  assumed  by  the  optic  bulb  after  the 
invagination  of  its  outer  wall.  In  certain  cases  the  lips  of 
the  fissure  fail  to  unite  perfectly,  producing  the  defect  of  the 
eye  known  as  coloboma;  this  may  vary  in  its  extent,  some- 
times affecting  both  the  iris  and  the  retina  and  forming 
what  is  termed  coloboma  iridis,  and  at  others  being  confined 
to  the  retinal  portion  of  the  cup,  in  which  case  it  is  termed 
coloboma  chorioideae. 

Up  to  a  certain  stage  the  differentiation  of  the  two  layers 
which  form  the  optic  cup  proceeds  along  similar  lines,  in 
both  the  ciliary  and  retinal  regions.  The  layer  which  rep- 
resents the  original  internal  portion  of  the  bulb  does  not 
thicken  as  the  cup  increases  in  size,  and  becomes  also  the 
seat  of  a  deposition  of  dark  pigment,  whence  it  may  be 
termed  the  pigment  layer  of  the  cup;  while  the  other  layer — 
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tliat  fonned  !jy  the  invagination  of  the  outer  portion  of  the  1 
bulb,  and  which  may  be  temied  the  reliual  layer- — remains  I 
much  thicker  (Fig.  261)  and  in  its  proximal  portions  even  ] 
increases  in  thickness.  Later,  however,  the  development  of  J 
the  cihary  and  retinal  portions  of  the  retinal  layers  differs,  1 
and  it  will  be  convenient  to  consider  first  the  history  of  theJ 
ciliary  portion. 

The  Dn'elopment  of  the  Iris  and  Ciliary  Body. — The  first  1 
change  noticeable  in  the  ciliary  portion  of  the  retinal  layerj 
is  its  thimiing  out,  a  process  which  continues  until  the  layer  j 
consists,  like  the  pigment  layer,  of  but  a  single  layer  of  ceils  1 
(Fig,  264),  the  transition  of  which  to  the  thicker  retinal  I 
portion  of  the  layer  is  somewhat  abrupt  and  corresponds  to  I 
what  is  termed  the  ora  scrrala  in  adult  anatomy.  In  em-  I 
bryos  of  10.2  cm.  the  retinal  layer  throughout  its  entire  ] 
extent  is  readily  distinguishable  from  the  pigment  layer  ] 
by  the  absence  in  it  of  all  pigmentation,  but  in  older  forms  ] 
this  distinction  gradually  diminishes  in  the  ins  region,  the  I 
retinal  layer  there  acquiring  pigment  and  forming  the  uvea.  [ 

When  the  anterior  chamljer  of  the  eye  is  formed  by  the  I 
splitting  of  the  mesoderm  which  has  grown  in  between  the| 
superficial  ectoderm  and  the  outer  surface  of  the  lens,  the  I 
jjeripheral  portions  of  its  posterior  (inner)  wall  are  in  rela-- 
tion  with  the  ciliary  portion  of  the  optic  cup  and  give  risej 
to  the  stroma  of  the  ciliary  body  and  of  the  iris  { Fig.  264),  I 
this  latter  being  continuous  with  the  tunica  vasculosa  lentis  J 
so  long  as  that  structure  persists  (Fig.  271)-  I"  embryos  J 
of  about  14.5  cm.  the  ciliary  portion  of  the  cup  becomes  | 
thrown  into  radiating  folds  (Fig,  2G4).  as  if  by  a  too  rapid  I 
growth,  and  into  the  folds  lamellx  of  mesoderm  project  | 
from  the  stroma.  These  folds  occur  not  only  throughout  1 
the  region  of  the  ciliary  body,  but  also  extend  into  the  iris 
region,  where,  however,  they  are  hut  temporary  structurt 
disappearing  entirely  by  the  end  of  the  fifth  month.     The  ' 
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folds  in  the  region  of  the  corpus  ciiiare  persist  and  produce 
the  ciliary  processes  of  the  aduU  eye. 

Embedded  in  the  substance  of  tlie  iris  stroma  in  the  adult 
are  non-striped  muscle-fibers,  which  constitute  the  sphincter 
and  dilataior  iridts.  It  has  long  been  supposed  that  these 
fibers  were  differentiated  from  the  stroma  of  the  iris,  but 
recent  observations  have  shown  that  they  arise  from  the  cells 


Fig.    264.— Radial    Section 

AE.  Pigment  layer;  CC.  ciliary  folds;  IE.  retinal  layer;  ISlr.  ■ 
siroma;  Pm.  pupillary  iiicmbnine;  Rs,  marginal  sinus;  Sph,  sphin 
ter  iridis.^(iri7i'.) 

of  the  pigment  layer  of  the  optic  cup,  the  sphincter  appear- 
ing near  the  pupillary  border  (Fig.  264,  Sph)  while  the  dila- 
tator is  more  peripheral. 

The  Development  of  the  Retina. — Throughout  the  retinal 
region  of  the  cup  the  pigment  layer,  undergoing  the  same 
changes  as  in  the  ciliary  region,  forms  the  pigment  layer 
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of  the  retina  (Fig.  365,  />).  Tlie  retinal  layer 
thiektiess  and  early  becomes  differentiated  into  two  strata 
(Fig.  261),  a  thicker  one  lying  next  the  pigment  layer  and 
containing  numerous  nuclei,  and  a  thinner  one  containing  no 
nuclei  The  thinner  layer,  from  its  position  and  structure, 
suggests  an  homology  with  the  marginal  velum  of  the  cen- 
tral nervous  system,  and  probably  becomes  converted  into 
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the  nerve-fiber  layer  of  the  adult  retina,  the  axis-cylinder 
processes  of  the  ganglion  cells  passing  into  it  on  their  way 
to  tfie  optic  nerve.  The  thicker  layer  similarly  suggests  a 
comparison  with  the  mantle  layer  of  the  cord  and  brain,  and 
in  embryos  of  38  mm,  it  Iiecomes  differentiated  into  two 
secondary  layers  (Fig.  265),  that  nearest  the  pigment  layer 
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(r)  consisting  of  smaller  and  more  deeply  staining  nuclei, 
probably  representing  the  rod  and  cone  and  bipolar  cells  of 
the  adult  retina,  while  the  inner  layer,  that  nearest  the  mar- 
ginal velum,  has  larger  nuclei  and  is  presumably  composed 
of  the  ganglion  cells. 

Little  is  as  yet  known  concerning  the  further  diflferentia- 
tion  of  the  nervous  elements  of  the  human  retina,  but  the 
history  of  some  of  them  has  been  traced  in  the  cat,  in  which, 
as  in  other  mammals,  the  histogenetic  processes  take  place 
at  a  relatively  later  period  than  in  man.  Of  the  histogenesis 
of  the  inner  layer  the  information  is  rather  scant,  but  it 
may  be  stated  that  the  ganglion  cells  are  the  earliest  of  all 
the  elements  of  the  retina  to  become  recognizable.  The  rod 
and  cone  cells,  when  first  distinguishable,  are  unipolar  cells 
(Fig.  266,  a  and  c),  their  single  processes  extending  out- 
ward from  the  cell-bodies  to  the  external  limiting  membrane 
which  bounds  the  outer  surface  of  the  retinal  layer.  Even 
at  an  early  stage  the  cone  cells  (a)  are  distinguishable  from 
the  rod  cells  (c)  by  their  more  decided  reaction  to  silver 
salts,  and  at  first  both  kinds  of  cells  are  scattered  throughout 
the  thickness  of  the  layer  from  which  they  arise.  Later,  a 
fine  process  grows  out  from  the  inner  end  of  each  cell,  which 
thus  assumes  a  bipolar  form  (Fig.  266,  b  and  rf),  and,  later 
still,  the  cells  gradually  migrate  toward  the  external  limiting 
membrane,  beneath  which  they  form  a  definite  layer  in  the 
adult.  In  the  meantime  there  appears  opposite  the  outer 
end  of  each  cell  a  rounded  eminence  projecting  from  the 
outer  surface  of  the  external  limiting  membrane  into  the 
pigment  layer.  The  eminences  over  the  cone  cells  are  larger 
than  those  over  the  rod  cells,  and  later,  as  both  increase  in 
length,  they  become  recognizable  by  their  shape  as  the  rods 
and  cones. 

The  bipolar  cells  are  not  easily  distinguishable  in  the 
early  stages  of  their  differentiation   from  the  other  cells 
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\\itli  \vliidi  ihey  are  mingled,  but  it  is  believed  that  they 
are  represented  by  cells  wbich  are  bipolar  wben  the  rod  and  1 
cone  cells  are  still  in  a  unipolar  condition  (Fig.  266,  e). 
If  this  identification  be  correct,  then  it  is  noteworthy  that  j 
at  first  their  outer  processes  extend  as  far  as  the  external 
limiting-  membrane  and  must  laler  shorten  or  fail  to  elon- 
gate until  Iheir  outer  ends  lie  in  what  is  tenne<l  the  outer   ' 


I,  Cone  cell  in  the  unipolar,  and  6,  in  the  bipolar  slaKc;  c.  rod  cells  in  J 
the  unipolar,  and  d,  In  Uie  bipolar  stage;  e,  bipolar  cells;  /  and  i, 
amacrine  cells;  g.  horizontal  cells;  A,  ganglion  cells;  ft,  Muller's 
fiber;  t,  external  limiting  membrane. —  (.Kallitu,  after  Cajal.) 


granular  layer  of  the  retina,  where  they  stand  in  relation  ( 

to  the  inner  ends  of  the  rod  and  cone  cell  processes.     Of 

the  development  of  the  amacrine  (f.  i)  and  horizontal  cells 

(g)  of  the  retina  little  is  known.     From  their  position  in 

new-bom  kittens  it  seems  probable  that  the  former  arc 
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derived  from  cells  of  the  same  layer  as  the  ganglion  cells, 
while  the  horizontal  .cells  may  belong  to  the  outer  layer. 

In  addition  to  the  various  nerve-elements  mentioned 
above,  the  retina  also  contains  neuroglial  elements  known 
as  Muller's  fibers  (Fig.  266,  k),  which  traverse  the  entire 
thickness  of  the  retina.  The  development  of  these  cells 
has  not  yet  been  thoroughly  traced,  but  they  resemble  closely 
the  ependymal  cells  observable  in  early  stages  of  the  spinal 
cord. 

The  Development  of  the  Optic  Nerve, — Tlie  observations 
on  the  development  of  the  retina  have  shown  very  clearly 
that  the  great  majority  of  the  fillers  of  the  optic  nerve  are 
axis-cylinders  of  the  ganglion  cells  of  the  retina  and  grow 
from  these  cells  along  the  optic  stalk  toward  the  brain. 
Their  embryonic  history  has  been  traced  most  thoroughly 
in  rat  embryos  (Robinson),  and  what  follows  is  based  upon 
what  has  been  observed  in  that  animal. 

The  optic  stalk,  being  an  outgrowth  from  the  brain,  is  at 
first  a  hollow  structure,  its  cavity  communicating  with  that 
of  the  third  ventricle  at  one  end  and  with  that  of  the  optic 
bulb  at  the  other.  When  the  chorioid  fissure  is  developed, 
it  extends,  as  has  already  been  described,  for  some  distance 
along  the  ix)sterior  surface  of  the  stalk  and  has  lying  in  it 
a  portion  of  the  hyaloid  artery.  Later,  when  the  lips  of 
the  fissure  fuse,  the  artery  becomes  enclosed  within  the  stalk 
to  form  the  artcria  centralis  retime  of  the  adult  (Fig.  269). 
By  the  formation  of  the  fissure  the  original  cavity  of  the 
distal  portion  of  the  stalk  becomes  obliterated,  and  at  the 
same  time  the  ventral  and  posterior  walls  of  the  stalk  are 
brought  into  continuity  with  the  retinal  layer  of  the  optic 
cup,  and  so  opportunity  is  given  for  the  passage  of  the  axis- 
cylinders  of  the  ganglion  cells  along  those  walls  (Fig.  267). 
At  an  early  stage  a  section  of  the  proximal  portion  of  the 
optic  stalk   (Fig.  268,  A)    shows  the  central  cavity  sur- 
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rouiuletl  by  a  miniber  of  miclei  representing  the  niantle  layer,! 

and  surrunndiiig  these  a  non-nucleated  layer,  resembling  tliel 

marginal  velum  ami  continuous  distally   with  the  similai 

layer  of  the  retina.     When  the  ganglion  cells  of  the  lattefl 

begin  to  send  out  their  axis-cylinder  processes,  these  pass! 

into   the  retinal   marginal  velumV 

and  converge  in  this  layer  toward'! 

[he    bottom    of    the    ciliary    fis-f 

^ure  so  reaching  the  ventral  walta 

of  the  optic  stalk,  in  the  vekimf 

of    which    they    may    be    distin-j 

gmshed    in    rat    embryos    of 

mm ,    and    still    more   clearly   inJ 

Iho^e  of  9  mm.   (Fig.   268,  A).^ 

Later,  as  the  fillers  liecome  morel 

^"yiE^^Omc  Cuf^N"  """'^'■ous,  they  gradually  invade! 

Stalk  passing  through    the  lateral  and  finally  the  dorsal  I 

THE  CROB.0.D  Fissure.        ^3],^    ^,f    ,1^^    gj^„^_    ^„j_    ^^    ^^^A 

/4n,  Hyaloid  artery ;  L,  lens;  .  ,  ■  .,         »J 

Oh,   fibers   of   the  optic   same    tmie    the    mantle   cells   oil 

nerve;    Oj,    optic    stalk;    ^^g  jt^lk   l>ecome  more  scattered! 

Ft.  pigment  layer,  and  if,  1 

retinal  layer  of  the  retina     and  assume  the  form  of  connec-'l 

tive-tissue  (neuroglia)  cells,  while! 

the  original  cavity  of  the  stalk  is  gradually  obliteratedf 

(Fig.  268,  B).     Finally,  the  stalk  liecomes  a  solid  massl 

of  nerve-fibers,  among  which  the  altered  niantle  cells  arel 

scattered. 

From  what  has  been  stated  aljove  it  will  be  seen  that  the  \ 
sensory  cells  of  the  eye  belong  to  a  somewhat  different  cate- 
gory from  those  of  tlic  other  sense-organs.  Embryologically 
they  arc  a  specialized  portion  of  the  mantle  layer  of  the  medul- 
lary canal,  whereas  in  the  other  organs  they  are  peripheral 
structures  either  representing  or  being  associated  with  repre- 
sentatives of  posterior  root  ganglion  cells.  Viewed  from  this 
standpoint,  and  taking  into  consideration  the  fact  that  the 
sensory  portion  of  the  retina  is  formed  from  the  invaginated 
part  of  the  optic  bulb,  some  light  is  thrown  upon  the  inverted  J 
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arrangement  of  the  retinal  elemejiL^.  the  rocis  and  cones  being 
directed  away  from  the  source  of  light.  The  normal  relations 
of  the  mantle  layer  and  marginal  velum  are  retained  in  the 
retina,  and  the  latter  serving  as  a  conducting  layer  for  the  axis- 
cylinders  of  the  mantle  layer  (ganglion)  cells,  the  layer  of 
nerve-fibers  becomes  interposed  between  the  source  of  light 
and  the  sensory  cells.  Furthermore,  it  may  be  pointed  out 
that  if  the  differentiation  of  ttic  retina  be  imagined  to  take 
place  before  the  closure  of  the  medullary  canal,— a  condition 
which  is  indicated  in  some  of  the  lower  vertebrates, — there 


^)0- 


I 


Fig.    jir,-  ,K.^ 
—(Robin'io 


'.) 


would  be  then  no  inversion  of  the  elements,  this  peculiarity 
being  due  lo  tlie  conversion  of  the  medullary  plate  into  a  tube, 
and  more  especially  to  the  fact  that  the  retina  develops  from 
the  outer  wall  of  the  optic  cup.  In  certain  reptiles  in  which 
an  eye  is  developed  in  connection  with  the  epiphysial  out- 
growths of  the  diencephalon,  the  retinal  portion  of  tliis  pineal 
eye  is  formed  from  the  inner  layer  of  the  bulb,  and  in  this  case 
there  is  no  inversion  of  the  elements. 

A  justification  of  the  exclusion  of  the  optic  nerve  from  the 
category  which  includes  tlic  other  cranial  nerves  has  now  been 
presented.  For  if  the  retina  be  regarded  as  a  portion  of  the 
central  nervous  system,  it  is  clear  that  the  nerve  is  not  a  nerve 
at  all  in  tlie  strict  sense  of  that  word,  hut  is  a  tract,  confined 
throiigbowt  it.s  entire  extent  within  the  central  nervous  system 
and  comparable  fo  such  groups  of  fibers  as  the  direct  cerebellar 
or  fillet  tracts  of  tliat  system. 
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The  Development  of  the  I'ttreotis  Httmor. — it  has  already  I 
been  pointed  out  (p.  480)  tliat  a  blood-vessel,  the  hyaloid 
artery,  accompanied  by  some  mesodermal  tissue  makes  itsi 
way  into  the  cavity  of  the  optic  cnp  through  the  chorioidT 
fissure.     On  the  closure  of  the  fissure  the  artery  becomes 
enclosed  within  the  optic  stalk  and  appears  to  penetrate  the 
retina,  upon  the  surface  of  which  its  branches  ramify,     la  ■ 
the  embryo  the  artery  does  not,  however,  terminate  in  tbesev 
branches  as  it  docs  in  the  adult,  but  is  continued  on  throughl 


Fic.  2fjfi. — Retonstri'ctton  of  a  Portion  of  the  I 

Of   13.8  MM. 

oh.  Hyaloid  arlery;  ch,  cliorioid  coat;  t,  lens;  p 
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the  cavity  of  tlie  optic  cup  (Fig.  269)  to  reach  the  lensj 
around  which  it  sends  branches  to  form  the  tunica  vasculosft] 
lentis. 

According  lo  some  authors,  the  formation  of  the  vitreousl 
humor  is  closely  associated  with  the  development  of  thiS'l 
artery,  the  humor  being  merely  a  transudate  from  it,  whiles 
others  have  maintained  that  it  is  a  derivative  of  the  meso-l 
derm  which  accompanies  the  vessel,  and  is  therefore  to  be  I 
regarded  as  a  peculiar  gelatinous  form  of  connective  tissue.  [ 
More  recently,  however,  renewed  observations  by  several  I 
authors  have  resulted  in  the  deposition  of  the  mesoderm  1 
from  the  chief  role  in  the  formation  of  the  vitreous  andl 
the  substitution  in  il  of  the  retina.     At  an  early  stage  oM 
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development  delicate  protoplasmic  processes  may  be  seen 
projecting  from  the  surface  of  the  retinal  layer  into  the 
cavity  of  the  optic  cup,  these  processes  probably  arising 
from  those  cells  which  will  later  form  the  Miiller's  (neurog- 
lia) fibres  of  the  retina.  As  development  proceeds  they 
increase  in  length,  forming  a  dense  and  very  fine  fibrillar 
reticulum   traversing  the  space  between   the  leiK  and   the 


Fig.  270. — Tkansvekse  Section  throlch   the  Ciliabi    Y  h  > 

Chick  Embryo  of  Sixteen  Davs 

flc,  Aiilcrior  chamber  of  the  eye;   cj    conjuncuva     co    cornea     i 

I.  lens;  me,  ciliary  muscle;  rl,  retmat  layer  of  opiic  ctip  sf  spaces 
of  Foniana.;  tl,  suspensory  ligiimcni  of  the  lens  v  vitreous  humor 
—iAngetucci.) 

retina  and  constituting  the  primary  vitreous  humor.  The 
formation  of  the  fibers  is  especially  active  in  the  ciliary  jwr- 
tion  of  the  retina  and  it  is  probable  that  it  is  from  some  of 
the  fibers  developing  in  this  region  that  the  suspensory  liga- 
ment of  the  lens  {camtla  Zinnii)  (Fig.  270,  si)  is  formol, 
spaces  which  occur  Iwtween  the  fil>ers  of  the  ligament  enlarg- 
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ing  to  produce  a  cavity  traversed  by  scattered  fibers  and 
known  as  the  canal  of  Petit. 

A  participation  of  similar  protoplasmic  prolongations 
from  the  cells  of  the  lens  in  tlie  formation  of  the  vitreous 
humor  has  l)een  maintained  (von  Lenliossek)  and  as  strenu- 
ously denied.  But  it  is  generally  admittefl  that  at  the  time 
when  the  hyaloid  artery  penetrates  the  vitreous  to  form  the 
tunica  vasculosa  lentis  it  carries  with  it  certain  mesodermal 
elements,  whose  fate  is  at  present  uncertain.  It  has  been 
held  that  they  take  part  in  the  formation  of  the  definitive 
vitreous,  which,  according  to  this  view,  is  of  mixed  origin. 
t>eing  partly  ectodermal  and  partly  mescxlermal  (Van  Pee), 
and.  on  the  contrary,  it  has  been  maintained  that  they  even- 
tually undergo  complete  degeneration,  the  vitreous  being  of 
purely  ectodermal  origin  (von  KoUiker). 

nie  degeneration  of  the  mesodermal  elements  which  the 
latter  view  su)i])oses  is  associated  with  the  degeneration  of 
the  hyaloid  artery.  This  I)egins  in  human  embryos  in  the 
third  month  and  is  completed  during  the  ninth  month,  the 
only  trace  after  hirth  fif  tiie  existence  of  the  vessel  being  a 
more  fluid  consistency  of  the  axis  of  the  vitreous  humor, 
this  more  fluid  portion  representing  the  space  originally 
occupieil  by  the  artery  and  forming  what  is  terme<!  the  hya- 
loid ciiiuil  (aiinil  of  Clotiiict). 

The  Dcvdopuiciil  of  the  Oiilcr  Coal  of  the  Eye.  of  the 
Cornea,  and  of  the  .Anterior  Chdinber.—Snon  after  the 
formation  of  the  optic  bulb  a  condensation  of  the  meso- 
derm cells  around  it  occurs,  furming  a  capsule.  Over  the 
medial  portions  of  the  optic  cup  the  further  differentiation 
of  this  capsule  is  comparatively  simple,  resulting  in  the  for- 
mation of  two  layers,  an  inner  vascular  and  an  outer  denser 
an<l  fibrous,  the  former  Incoming  the  cJiortoid  coat  of  the 
a<hill  eye  and  the  latter  the  .•sclera. 

More  laterally,  however,  the  processes  are  more  cnmpli- 
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cated.  After  the  lens  has  separated  from  the  surface  ectn- 
derm  a  thin  layer  of  mesoderm  grows  in  between  the  two 
.  structures  and  later  gives  place  to  a  layer  of  homogeneous 
substance  in  which  a  few  cells,  more  numerous  laterally  than 
at  the  center,  are  embedded.  StiH  later  cells  from  the  adja- 
cent mesenchyme  grow  into  the  layer,  which  increases  con- 
siderably in  thickness,  and  blood-vessels  also  grow  into  that 
iiorlicn  of  it  which  is  in  contact  with  the  outer  surface  of  the 


(    SeCTCON    THROIiCH    THE    ClLIARY    REGION    OF    A 

Pig   Embbvo   of  23   mm. 
ae,  Anlerior  chamber  of  llie  eye ;  cu.  cornea  1  ec,  ecloderm ;  /,  lens ;  mc, 
ciliary  muscle;  p,  pigment  layer  of  the  opiic  cup;  r,  retinal  layer; 
R',  tunica  vasculoaa  ]eMh.—  (,Aiigetucci.) 

lens.  At  this  stage  the  interval  between  the  surface  ecto- 
derm and  the  lens  is  occupied  by  a  solid  mass  of  mesodermal 
tissue  (Fig.  271.  co  and  Iv),  liut  as  development  proceeds, 
small  spaces  filled  with  fluid  liegin  to  appear  toward  the 
inner  pfirtion  of  the  mass  (oc),  and  these,  increasing  in 
number  and  size,  eventually  fuse  together  to  form  a  single 
43 
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cavity  which  divides  the  mass  into  an  inner  and  an  outerj 
portion.  The  cavity  is  the  anterior  chamber  of  the  eye,  and  I 
it  has  served  to  separate  the  cornea  (co)  from  the  tunicaj 
vasculosa  lentis  {tv),  and,  extending  laterally  in  all  direc- j 
tions,  it  also  separates  from  the  cornea  the  mesenchyme  d 
which  rests  upon  the  marginal  portion  of  the  optic  cvip  and, I 
constitutes  the  stroma  of  the  iris.  Cells  arrange  themselvesJ 
on  the  corneal  surface  of  the  cavity  to  form  a  continuous.! 
endothelial  layer,  and  the  mesenchyme  which  forms  the.  1 
peripheral  boundary  of  the  cavity  assumes  a  fibrous  charac- J 
ter  and  forms  the  ligameiitum  pectinaltim  iridis,  among  the^ 
fibers  of  which  cavities,  known  as  the  spaces  of  Fontawt% 
(Fig.  270,  sf),  appear.  Beyond  the  margins  of  the  cavity  1 
the  corneal  tissue  is  directly  continuous  with  the  sclerotic, ' 
beneath  the  margin  of  which  is  a  distinctly  thickened  por- 
tion of  mesenchyme  resting  upon  the  ciliary  processes  and  J 
forming  the  stroma  of  the  ciliary  Ixidy,  as  well  as  giving  J 
rise  to  the  muscle  tissue  which  constitutes  the  ciliary  muscle 
(Figs.  270  and  271,  mc). 

Tlie  ectoderm  which  covers  the  outer  surface  of  the  eyi 
does  not  proceed  beyond  the  stage  whcTi  it  consists  of  seV'fl 
eral  layers  of  cells,  and  never  develops  a  stratum  conieurriifl 
In  the  corneal  region  it  rests  directly  upon  the  corneal  tis^j 
sue,  which  is  thickened  slightly  upon  its  outer  surface  t 
fonn  the  anterior  elastic  lamitia:  more  peripherally,  how-^ 
ever,  a  quantity  of  loose  mesodermal  tissue  lies  between  iti 
and  the  outer  surface  of  the  sclerotic,  and.  together  withi 
the  ectodemi.  forms  the  cimjunctiva  (Fig.  265,  cj). 

The  Det-elopment  of  the  Accessory  Apparatus  of  the  Eye. 
— The  eyelids  make  their  appearance  at  an  early  stage  as 
two  folds  of  skin,  one  a  short  distance  above  and  the  other 
below  the  coniea.  The  center  of  the  folds  is  at  first  occu- 
pied by  indifferent  nieso<iennal  tissue,  which  later  Iiecomes 
modified  to  form  the  connective  tissue  of  the  lids  and  the 


TTIE    EYELIDS.  499 

tarsal  cartilage,  the  muscle  tissue  probably  secondarily 
growing  into  the  lids  as  a  result  of  the  spreading  of  the 
platysnia  over  the  face,  the  orbicularis  ociili  apparently  being 
a  derivative  of  that  sheet  of  muscle  tissue. 

At  about  the  beginning  of  the  third  month  the  lids  have 
liecome  sufficiently  large  to  meet  one  another,  whereupon 
the  thickened  epithelium  which  has  formed  upon  their  edges 
unites  and  the  lids  fuse  together,  in  which  condition  they 


Fig.  272.— Sbctiok  through  the  Makoisb  of  the  Fused  Eveuhs  im 

AN  Embbvo  of  Six  Months. 

h.  Eyelash;  //,  lower  lid;  m.  tarsal  gland;  mN,  muscle  bundle;  ul, 

upper  lid. — (Schweigger-Seidl.) 

remain  until  shortly  before  birth.  During  the  stage  of 
fusion  the  eyelashes  (Fig.  272,  It)  develop  at  the  edges  of 
the  lids,  having  the  same  developmental  history  as  ordinary 
hairs,  and  from  the  fused  epithelium  of  each  lid  there  grow- 
upward  or  downward,  as  the  case  may  be,  into  the  meso- 
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dermic  tissue,  solid  rods  of  ectoderm,  certain  of  which  early 
give  off  numerous  short  lateral  processes  and  become  recog- 
nizable as  the  tarsal  (Meibomian)  glands  (w),  while  others 
retain  the  simple  cylindrical  form  and  represent  the  glands 
of  Moll.  When  the  eyelids  separate,  these  solid  ingrowths 
become  hollow  by  a  breaking  down  of  their  central  cells, 
just  as  in  the  sebaceous  and  sudoriparous  glands  of  the  skin, 
the  tarsal  glands  being  really  modifications  of  the  former 
glands,  while  the  glands  of  A'loll  are  probably  to  be  regarded 
as  specialized  sudoriparous  glands. 

A  third  fold  of  skin,  in  addition  to  the  two  which  pro- 
duce the  eyelids,  is  also  developed  in  connection  with  the 
eye,  forming  the  plica  semilunaris.  This  is  a  rudimentary 
third  eyelid,  representing  the  nictitating  membrane  which 
is  fairly  well  developed  in  many  of  the  lower  mammals  and 
especially  well  in  birds. 

The  lachrymal  gland  is  developed  at  about  the  third 
month  as  a  number  of  branching  outgrowths  of  the  ecto- 
derm into  the  adjacent  mesoderm  along  the  outer  part  of 
the  line  where  the  epithelium  of  the  conjunctiva  becomes 
continuous  with  that  covering  the  inner  surface  of  the  upper 
eyelid.  As  in  the  other  epidermal  glands,  the  outgrowths 
and  their  branches  are  at  first  solid,  later  becoming  hollow 
by  the  degeneration  of  their  axial  cells. 

The  nasO'lachrymal  duct  is  developed  in  connection  with 
the  groove  which,  at  an  early  stage  in  the  development 
(Fig.  52),  extends  from  the  inner  corner  of  the  eye  to  the 
olfactory  pit  and  is  bounded  posteriorly  by  the  maxillary 
process  of  the  first  visceral  arch.  The  epithelium  lying  in 
the  floor  of  this  groove  thickens  toward  the  beginning  of 
the  sixth  week  to  form  a  solid  cord,  which  sinks  into  the 
subjacent  mesoderm,  though  retaining  connection  with  the 
ectoderm  of  the  olfactory  pit  at  its  lower  end.  I'Vom  its 
upper  end  two  outgrowths  arise  which  lx?come  connected 
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with  the  ectoderm  of  the  edges  of  the  upper  and  lower  Hds, 
respectively,  and  represent  the  lachrymal  ducts,  and,  finally, 
the  solid  cord  and  its  outgrowths  acquire  a  lumen. 

The  inferior  duct  connects  with  the  border  of  the  eyelid 
some  distance  lateral  to  the  inner  angle  of  the  eye,  and 
between  its  opening  and  the  angle  a  number  of  tarsal  glands 
develop.  The  superior  duct,  on  the  other  hand,  opens  at 
first  close  to  the  inner  angle  and  later  moves  laterally  until 
its  opening  is  opposite  that  of  the  inferior  duct.  During 
this  change  the  portion  of  the  lower  lid  between  the  opening 
of  the  inferior  duct  and  the  angle  is  drawn  somewhat  up- 
wards, and,  with  its  glands,  forms  a  small  reddish  nodule, 
resting  upon  the  plica  semilunaris  and  known  as  the  carun- 
cula  lacrimalis, 
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CHAPTER  XVII. 

POST-NATAL    DEVELOPMENT. 

In  the  preceding  pages  attention  has  been  directed  princi- 
pally to  the  changes  which  take  place  in  the  various  organs 
during  the  period  before  birth,  for,  with  a  few  exceptions, 
notably  that  of  the  liver,  the  general  form  and  histological 
peculiarities  of  the  various  organs  are  acquired  before  that 
epoch.  Development  does  not,  however,  cease  with  birth, 
and  a  few  statements  regarding  the  changes  which  take 
place  in  the  interval  between  birth  and  maturity  will  not  be 
out  of  place  in  a  work  of  this  kind. 

The  conditions  which  obtain  during  embryonic  life  are 
so  different  from  those  to  which  the  body  must  later  adapt 
itself,  that  arrangements,  such  as  those  connected  with  the 
placental  circulation,  w^hich  are  of  fundamental  importance 
during  the  life  in  utcro,  become  of  little  or  no  use,  while 
the  relative  importance  of  others  is  greatly  diminished,  and 
these  changes  react  more  or  less  profoundly  on  all  parts  of 
the  body.  Hence,  although  the  post-natal  development  con- 
sists chiefly  in  the  growth  of  the  structures  formed  during 
earlier  stages,  yet  the  growth  is  not  equally  rapid  in  all 
parts,  and  indeed  in  some  organs  there  may  even  be  a  rela- 
tive decrease  in  size.  Tliat  this  is  true  can  be  seen  from  the 
annexed  figure  (Fig.  273),  which  represents  the  body  of  a 
child  and  that  of  an  adult  man  drawn  as  of  the  same  height. 
The  greater  relative  size  of  the  head  and  upper  part  of  the 
body  in  the  child  is  very  marked,  and  the  central  point  of 
the  height  of  the  child  is  situated  at  about  the  level  of  the 
umbilicus,  while  in  the  man  it  is  at  the  symphysis  pubis. 
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'lliis  excessive  deveKipment  of  the  upper  portitms  of  the 
Ixirly  of  the  child  is  largely  due  to  the  nature  of  the  blood- 
supply  (luring  fetal  life,  when,  as  niay  be  seen  by  reference 
to  J'"ig.  157,  the  bl<Kjd  passing  to  the  head,  neck,  arms  and 
iipjicr  [KJrtions  of  the  thorax  leaves  the  anrta  l)efore  the  duc- 
tus arteriosus  ojicns  into  it,  and  is  therefore  practically  un- 


iiiiMil  Willi  vi-iKJiis  blond,  while  thmiif^'lumt  llic  rest  of  the 
1i.k!v  tlif  supply  is  largely  dihitcil  with  M.ind  fn.ni  llie  right 
side  uf  the  lu-.irt. 

'riiiil  llicre  is  a  distiiul  diange  in  the  gctimclric  form  of 
llic  IhhIv  (hiring  gmwlh  is  ;ilso  well  shown  liy  the  lnllowiiig 
(■riiisiiU'i-atiiin  ('riiunia),  T.'ikiiig  the  average  height  of  a 
new  limii  iiiak-  as  5(K)  inni.,  and  thai  uf  a  man  uf  thirty 
years  of  age  as  H>S(i  miii..llie  height  of  the  Uxly  will  have 
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increased  from  birth  to  adolescence    —  -  =  7.77  times. 

500  ^  ^' 

The  child  will  weigh  3.1  kilos  and  the  man  66.1  kilos,  and 

if  the  specific  gravity  of  the  body  with  the  included  gases 

be  taken  in  the  one  case  as  0.90  and  in  the  other  as  0.93, 

then  the  volume  of  the  child's  body  will  be  3.44  liters  and  . 

that  of  the  man's  71.08  liters,  and  the  increase  in  volume 
71.08 


will  be 


3.34 


20.66.     If  the  increase  in  volume  had  taken 


place  without  any  alteration  in  the  geometric  form  of  the 
body,  it  should  be  equal  to  the  cube  of  the  increase  in  height: 
this,  however,  is  3.37^  =  Z^-^?^  ^  number  well-nigh  twice 
as  large  as  the  actual  increase. 

But  in  addition  to  these  changes,  which  are  largely  de- 
pendent upon  diflferences  in  the  supply  of  nutrition, .  there 
are  others  associated  with  alterations  in  the  general  metab- 
olism of  the  body.  Up  to  adult  life  the  constructive  metab- 
olism or  anabolism  is  in  excess  of  the  destructive  metabolism 
or  katabolism,  but  the  amount  of  the  excess  is  much  greater 
during  the  earlier  periods  of  development  and  gradually 
diminishes  as  the  adult  condition  is  approached.  That  this 
is  true  during  intrauterine  life  is  shown  by  the  following 
figures,  compiled  by  Donaldson : 


Ag:e  in  Weeks. 

o  (ovum) 

4 
8 

12 

16 
20 


Weight  in  (trams. 


0.0006 


4 
20 

120 

285 


Age  in  Weeks. 

24 
28 
32 

40  (birth) 


Weight  in  Grams. 

63s 

1220 
1700 
2240 

3250 


From  this  table  it  may  be  seen  that  the  embryo  of  eight 
weeks  is  six  thousand  six  hundred  and  sixty-seven  times 
as  heavy  as  the  ovum  from  which  it  started,  and  if  the  in- 
crease of  growth  for  each  of  the  succeeding  periods  of  four 
weeks  be  represented  as  percentages,  it  will  be  seen  that  the 
44 
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rate  of  increase  undergoes  a  rapid  diminution  after  the 
sixteenth  week,  and  from  that  on  diminishes  gradually  but 
less  rapidly,  the  figures  being  as  follows : 


Periods  of  Weeks    i     Percentag^e  Incresise. 


8-12 
I2-I6 
16-20 
20-24 


400 
500 

«37 
123 


Periods  of  Weeks  Percentage  1  ncrease. 


24-28 
28-32 

32-36 
36-40 


92 

39 
32 

45 


That  the  same  is  true  in  a  general  way  of  the  growth 
after  birth  may  be  seen  from  the  following  table,  repre- 
senting the  average  weight  of  the  body  in  English  males 
at  different  years  from  birth  up  to  twenty-three  (Roberts), 
and  also  the  percentage  rate  of  increase. 


Year. 

Numl)er  of 

WciKht  in 

Percentage 

Cases. 

KiloKrams. 

Increase. 

0 

45> 

32 

1 

•  — 

(10.8) 

(238) 

2 

2 

14.7* 

(36)* 

3 

41 

154 

4.8* 

4 

102 

16.9 

9-7 

5 

>93 

18.1 

7.1 

6 

224 

20.1 

11 

7 

246 

22.6 

12.4 

8 

820 

24.9 

10.2 

9 

1425 

274 

10 

10 

1464 

30.6 

II. 5 

11 

«590 

32.6 

6.5 

12 

17S6 

34-9 

7 

»3 

2443 

376 

7-7 

14 

2952 

41  7 

10.9 

«5 

3118 

46.6 

II  7 

16 

2235 

53-9 

>5.7 

17 

24f|6 

59-  3 

10 

18 

2150 

62.2 

4.0 

19 

1438 

634 

i.o 

20 

851 

64.9 

2.5 

21 

73« 

657 

1.2 

22 

542 

67.0 

1.9 

23 

55< 

67.0 

0 

*  From  a  comparison  with  other  similar  tahlos  there  is  h'ttle  dniiht 
but  that  the  weight  j^iven  alxjve  for  the  second  year  is  too  hijjh  to  he 
accepted  as  a  good  average.  C<»nse(iiiently  the  juTcenta^e  increase  for 
the  second  year  is  t(M)  hi^h  and  that   for  the  third  year  too  low. 
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Certain  interesting  i^eciiliarities  in  post-natal  growth  be- 
come apparent  from  an  examination  of  this  table.  For 
while  there  is  a  general  diminution  in  the  rate  of  growth, 


•  ■                                     *,'i*'''?-i_          "l!- 

Anr 

a 

- 

-  * 

-    0 

■    f 

Fic.  274. — Curves  Showing  the  Annual  iNrREASE  in  Weight  in  (I) 
Bovs  AND  (II)  Girls. 

The  faint  line  represcnis  ihe  curve  from  Briiisli  statistics,  the  dolled 
line  that  from  American  (Bowditch),  and  ihe  heavy  line  the  aver- 
age of  the  two.  Before  the  sixth  year  ihc  data  arc  unreliable. — 
{Stephenson.) 

yet  there  are  marked  irregularities,  tbe  most  noticeable 
being  (i)  a  rather  marked  diminution  during  the  eleventh 

It  may  be  mentioned  that  the  weights  in  the  original  table  are  ex- 
pressed in  pounds  avoirdupois  and  have  been  here  converted  into 
kilograms,  and  fnrlhcr  the  figures  representing  the  percentage  increase 
have  been  added. 


5o8 


POST-NATAL   DEVELOPMENT. 


and  twelfth  /ears,  followed  by  (2)  a  rapid  acceleration 
which  reaches  its  maximum  at  about  the  sixteenth  year 
and  then  very  rapidly  diminishes.  These  irregularities  may 
be  more  clearly  seen  from  the  charts  on  page  507,  which  rep- 
resent the  curves  obtained  by  plotting  the  annual  increase 
of  weight  in  boys  (Chart  I)  and  girls  (Chart  II).  The 
diminution  and  acceleration  of  growth  referred  to  above 
are  clearly  observable,  and  it  is  interesting  to  note  that  they 
occur  at  earlier  periods  in  girls  than  in  boys,  the  diminution 
occurring  in  girls  at  the  eighth  and  ninth  years  and  the 
acceleration  reaching  its  maximum  at  the  thirteenth  year. 

Considering,  now,  merely  the  general  diminution  in  the 
rate  of  growth  which  occurs  from  birth  to  adult  life,  it 
becomes  interesting  to  note  to  what  extent  the  organs  which 
are  more  immediately  associated  with  the  metabolic  activi- 
ties of  the  body  undergo  a  relative  reduction  in  weight. 
The  most  important  of  these  organs  is  undoubtedly  the 
liver,  but  with  it  there  must  also  be  considered  the  thyreoid 
and  thymus  glands,  and  probably  the  suprarenal  bodies.  In 
all  these  organs  there  is  a  marked  diminution  in  size  as  com- 
pared with  the  weight  of  the  body,  as  will  be  seen  from  the 
following  table   (H.  Vierordt),  which  also  includes  data 

ABSOLUTE    WEIGHT    IN    GRAMS. 
New-born  and  Adult. 


Liver. 


141. 7 
1819.O 


Thy- 
reoid. 

485 


Ihy- 
mui 

8.1S 

26.9 


Suprarenal 
Bodies 


7.05 
7.4 


Spleen     Heart. 


10.6 
163.0 


23.6 
300.6 


Kid. 
ncy. 

233 
3059 


Brain 

381.0 
1430.9 


Spinal 
Cord. 

5-5 
39- «5 


PERCENTAGE    WEIGHT    OF    ENTIRE    BODY. 

New-dorn  and  Adl'lt. 


Liver. 

4.57 

2-57 


Ihy. 
reoid. 

0.16 
0.05 


Thy-    j    Suprarenal 
muft.  Bodies. 


Spleen  '  Heart.       ^  ^'    \  Brain. 
I  ■  ,    ney.     . 


0. 26  \ 
0.04  : 


0.23 
o.oi 


0.34      ^.,^ 
0.25  I    0.46 


0.76  •    o  75    12.29 
0.46  ,    2.16  ' 


Spinal 
^..ord. 

0.18 
0.06 


POST-NATAL   DEVELOPMENT. 


509 


regarding  other  organs  in  which  a  marked  relative  diminu- 
tion, not  in  all  cases  readily  explainable,  occurs. 

Recent  observations  by  Hammar  render  necessary  some 
modification  of  the  figures  given  for  the  thymus  in  the  above 
table.  He  finds  the  average  weight  of  the  gland  at  birth 
to  be  13.26  grms.,  and  that  the  weight  increases  up  to  puberty, 
averaging  37.52  grms,  between  the  ages  of  11  and  15.  After 
that  period  it  gradually  diminishes,  falling  to  16.27  grms. 
between  36  and  45  and  to  6.0  grms.  between  66  and  75.  Ex- 
pressed in  percentage  of  the  body  weight  this  gives  a  value 
in  the  new-born  of  0.42  and  in  an  individual  of  50  years  of 
0.02,  a  difference  much  more  striking  than  that  shown  in  Vier- 
ordt's  table. 

It  must  be  mentioned,  however,  that  the  gland  is  subject  to 
much  individual  variation,  being  largely  influenced  by  nutritive 
conditions. 

The  remaining  organs,  not  included  in  the  tables  given 
above,  when  compared  with  the  weight  of  the  body,  either 
show  an  increase  or  remain  practically  the  same. 

ABSOLUTE    WEIGHT    IN    GRAMS. 
New-born  and  Adult. 


Skin  and  Subcutan- 
eous Tissues. 

611.75 
11765.0 


Skeleton. 


425.5 
II575.O 


Musculature. 

776.5 
28732.0 


Stomach  and 
Intestines. 


65 
1364 


Pancreas. 


.^•5 
97.6 


I.un^ 

54.1 
994.9 


PERCENTAGE   OF   BODY-WEIGHT. 
New-born  and  Adult. 


Skin  and   Subcutan- 
eous Tissues. 

19.73 
17.77 


Skeleton. 


Musculature 


'37 

17.48 


25.05 
43.40 


Stomach  and 
Intestines. 

2.1 
2.06 


Pancreas. 


0.1 1 
0.15 


Lungs. 

1-75 
1.50 


From  this  table  it  will  be  seen  that  the  greatest  increment 
of  weight  is  that  furnished  by  the  muscles,  the  percentage 
weight  of  which  is  one  and  three-fourths  times  as  great  in 
the  adult  as  in  the  child.  The  difference  does  not,  however, 
depend  upon  the  differentiation  of  additional  muscles;  there 
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are  just  as  many  muscles  in  the  ne\v-lK)rn  child  as  in  the 
adult,  and  the  increase  is  due  merely  to  an  enlargement  of 
organs  already  present.  The  percentage  weight  of  the 
digestive  tract,  pancreas,  and  lungs  remains  practically 
the  same,  while  in  the  case  of  the  skeleton  there  is  an 
appreciable  increase,  and  in  that  of  the  skin  and  subcuta- 
neous tissue  a  slight  diminution.  The  latter  is  readily 
understood  when  it  is  remembered  that  the  area  of  the  skin, 
granting  that  the  geometric  form  of  the  body  remains  the 
same,  would  increase  as  the  scjuare  of  the  length,  while  the 
mass  of  the  l)ody  would  increase  as  the  cube,  and  hence  in 
comparing  weights  the  skin  might  be  expected  to  show  a 
diminution  even  greater  than  that  shown  in  the  table. 

The  increase  in  the  weight  of  the  skeleton  is  due  to  a 
certain  extent  to  growth,  but  chiefly  to  a  completion  of  the 
ossification  of  the  cartilage  largely  present  at  birth.  A  com- 
parison of  the  weights  of  this  system  of  organs  does  not, 
therefore,  give  evidence  of  the  many  ch<inges  of  form  which 
may  be  perceived  in  it  during  the  period  under  considera- 
tion, and  attention  may  be  drawn  to  some  of  the  more  im- 
I)ortant  of  these  changes. 

In  the  spinal  column  one  of  the  most  noticeable  i)eculiari- 
ties  observable  in  the  ncw-lK)rn  child  is  the  absence  of  the 
curves  so  characteristic  of  the  adult.  These  curves  are  due 
partly  to  the  weight  of  the  body,  transmitted  through  the 
spinal  column  to  the  hip-joint  ifi  the  erect  position,  and 
partly  to  the  action  of  the  muscles,  and  it  is  not  until  the 
erect  position  is  habitually  assumed  and  the  musculature 
gains  in  development  that  the  curvatures  became  pronounced, 
luen  the  curve  of  the  sacrum,  so  marked  in  the  adult,  is  but 
slight  in  the  new-born  child,  as  may  be  seen  from  iMg.  275, 
in  which  the  ventral  surfaces  of  the  first  and  second  sacral 
vertebne  look  more  vcntrally  than  posteriorly,  so  that  there 
is  no  distinct  promontory. 
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But,  in  addition  to  the  appearance  of  tlie  curvatures, 
other  changes  also  occur  after  birth,  the  entire  column  be- 
coming much  more  slender  and  the  proportions  of  the  turn- 


liar  and  sacral  vertebras  becoming  quite  difTereut,  as  may 
be  seen  from  the  following  table  (Aeby) : 

LENGTHS  OF  THE  VERTEBRAL  REGIONS  EXPRESSED  AS 
PERCENTAGES   OF  THE    ENTIRE    COLUMN. 


Age, 

CerTt«1 

■nontclc. 

LumbH. 

»S6 
'3.3 
10.3 
'9-7 

47  5 

45.6 
47.  a 
46.6 

30-0 

34- a 

"     sduli,  ..'"."'^'".i '.". 
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The  cervical  region  diminishes  in  length,  while  the  lumbar 
gains,  the  thoracic  remaining  approximately  the  same.  It 
may  be  noticed,  furthermore,  that  the  difference  between 
the  two  variable  regions  is  greater  during  youth  than  in  the 
adult,  a  condition  possibly  associated  with  the  general  more 
rapid  development  of  the  lower  portion  of  the  body  made 
necessary  by  its  imperfect  development  during  fetal  life. 
The  difference  is  due  to  changes  in  the  vertebrae,  the  inter- 
vertebral disks  retaining  approximately  the  same  relative 
thickness  throughout  the  period  under  consideration. 

The  form  of  the  thorax  also  alters,  for  whereas  in  the 
adult  it  is  barrel-shaped,  narrower  at  both  top  and  bottom 
than  in  the  middle,  in  the  new-born  child  it  is  rather  conical, 
the  base  of  the  cone  being  below.  The  difference  depends 
upon  slight  differences  in  the  form  and  articulations  of  the 
ribs,  these  being  more  horizontal  in  the  child  and  the  open- 
ing of  the  thorax  directed  more  directly  upward  than  in 
the  adult. 

As  regards  the  skull,  the  processes  of  growth  are  very 
complicated.  Cranium  and  brain  react  on  one  another,  and 
hence,  in  harmony  with  the  relatively  enormous  size  of  the 
brain  at  birth,  the  cranial  cavity  has  a  relatively  greater 
volume  in  the  child  than  in  the  adult.  The  fact  that  the 
entire  roof  and  a  considerable  part  of  the  sides  of  the  skull 
are  formed  of  membrane  bones  which,  at  birth,  are  not  in 
sulural  contact  with  one  another  throughout,  gives  oppor- 
tunity for  considerable  modifications,  and,  furthermore,  the 
base  of  the  skull  at  the  early  stage  still  contains  a  consider- 
able anKnnit  of  unossified  cartilage.  Without  entering  into 
minute  details,  it  may  be  stated  that  the  principal  general 
changes  which  the  skull  undergoes  in  its  post-natal  develop- 
ment are  f  i )  a  relative  elongation  of  its  anterior  portion 
and  (2)  an  increase  in  the  relative  height  of  the  maxilhe. 

If  a  line  be  drawn  between  the  central  points  of  the  occip- 


POST-NATAL   DEVELOPMENT.  513 

ital  condyles,  it  will  divide  the  base  of  the  skull  into  two  por- 
tions, which  in  the  child's  skull  are  equal  in  length.  The 
portion  of  the  skull  in  front  of  a  similar  line  in  the  adult 
skull  is  very  much  greater  than  that  which  lies  behind,  the 
proportion  between  the  two  parts  being  5 : 3,  against  3 : 3 
in  the  child  (Froriep).  There  has,  therefore,  been  a  decid- 
edly more  rapid  growth  of  the  anterior  portion  of  the  skull, 
a  growth  which  is  associated  with  a  corresponding  increase 
in  the  dorso-ventral  dimensions  of  the  maxillae.  These 
bones,  indeed,  play  a  very  important  part  in  determining 
the  proportions  of  the  skull  at  different  periods.  They  are 
so  intimately  associated  with  the  cranial  portions  of  the 
skull  that  their  increase  necessitates  a  corresponding  in- 
crease in  the  anterior  part  of  the  cranium,  and  their  increase 
in  this  direction  stands  in  relation  to  the  development  of  the 
teeth,  the  eight  teeth  which  are  developed  in  each  maxilla 
(including  the  premaxilla)  in  the  adult  requiring  a  longer 
bone  than  do  the  five  teeth  of  the  primary  dentition,  these 
again  requiring  a  greater  length  when  completely  developed 
than  they  do  in  their  immature  condition  in  the  new-born 
child. 

But  far  more  striking  than  the  difference  just  described 
is  that  in  the  relative  height  of  the  cranial  and  facial  regions 
(Fig.  276).  It  has  been  estimated  that  the  volumes  of  the 
two  portions  have  a  ratio  of  8 :  i  in  the  new-born  child,  4 :  i 
at  five  years  of  age,  and  2:1  in  the  adult  skull  (Froriep), 
and  these  differences  are  due  principally  to  changes  in  the 
vertical  dimensions  of  the  maxillie.  As  with  the  increase 
in  length,  the  increase  now  under  consideration  is,  to  a  cer- 
tain extent  at  least,  associated  with  the  development  of  the 
teeth,  these  structures  calling  into  existence  the  alveolar 
processes  which  are  practically  wanting  in  the  child  at  birth. 
But  a  more  important  factor  is  the  development  of  the  max- 
illary sinuses,  the  practically  solid  bodies  of  the  maxillae 
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Ux'N'iuinj;  Ininst'tkniK-vl  into  hollow  sliells.  These  cavities, 
|o);*^tU<T  willi  the  sinuses  of  the  splieiioiti  and  frontal  bones, 
wlnoh  aiT  .ilsi*  i>ost -natal  ilevelopments,  seem  to  stand  in 
ivl;ui«>H  to  the  increase  in  length  of  the  anterior  portion  of 
the  skull,  serving  to  diminish  the  weight  of  the  portion  of 
the  skull  in  front  of  the  occipital  condyles  and  so  reheving 
the  tiuisclcs  of  the  neck  of  a  considerable  strain  to  which 
they  would  otherwise  he  subjected. 

rtiesc  clianjjes  in  the  proiH>rlions  of  the  skull  have,  of 
vMursc.  uuuh  to  do  with  the  clianges  in  the  general  pro- 


l»'ilii>iis  i>f  ihf  face.  ISiit  the  changes  which  take  place 
ill  the  niaiidiliK'  arc  also  im|)<irt<-int  in  this  connection,  and 
arc  similar  lo  ihoso  ul  the  mnxillie  in  lieing  associated  with 
till-  di'Vfto|iinfiit  ol  the  teeth.  In  the  new-born  child  the 
hiiri/i>mul  vainiis  is  proportionately  shorter  than  in  the 
adult,  while  the  vertical  ramus  is  very  short  and  joins  the 
hori/outal  one  at  an  ohtuse  angle.  The  development  of 
the  tcelli  of  the  primary  dentition,  and  later  of  the  three 
molars,  net-essi tales  an  elongation  of  the  horizontal  ramus 
i.'i|uivak'nt  lo  that  occurring  in  the  niaxillie,  and,  at  the  same 
lime,  ihe  separation  of  the  alveolar  borders  of  the  two  l>ones 
ro(|uircs  an  clongatiuii  of  the  vertical  ramus  if  the  condyle 
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is  to  preserve  its  contact  with  the  mandibular  fossa,  and  this, 
again,  demands  a  diminution  of  the  angle  at  which  the 
rami  join  if  the  teeth  of  the  two  jaws  are  to  be  in  proper 
apix)sition. 

In  the  lx)nes  of  the  appenchcular  skeleton  secondary  epi- 
physial centers  play  an  imj^ortant  part  in  the  ossification, 
and  in  few  are  these  centers  developed  prior  to  birth,  while 
the  union  of  the  epiphyses  to  the  main  portions  of  the  bones 
takes  place  only  toward  maturity.  The  dates  at  which  the 
various  primary  and  secondary  centers  appear,  and  the  time 
at  which  they  unite,  may  be  seen  from  the  following  table: 


UPPER    EXTREMITY. 


Bone. 

Clavicle 

Scapula. 

Body 

Coracoid  ... 


Appearance  of 
I'rimary  Center 

blh  Wc'fl'. 


8th  week,    < 
1st  year. 


Humerus jth  week.   < 


Ulna. 


Radius, 


Capitatum 

Hamatum 

Triquetrum 

Lunatum 

Multangulum 
niajus 

Navicular 

Mukangul  uni 
minus 

Pisiform 

Metacarpals  .. 
Phalanges 


yth  'vcek. 

yili  7t'c'i'k. 

1st  year. 
2d  year. 
3d  year. 
4th  year. 
5th   year. 

6th  year. 
8lh  year. 

1 2th  year. 
(^//t  week, 
glh-iith 
week. 


Appearance  of  Secondary 
Centers 


(At  sternal  end)  17th  year. 

2  acromial  15th  year. 

2  on  vertical  border  i6th  year. 

Head  1st  year, 
(ireat  tuberosity  3d  year. 
Lesser  tuberosity  5th  year. 
Inner  condyle  5th  year. 
Capitellum  3d  year. 
Trochlea  loth  year.    . 
Outer  condyle  14th  year. 
Olecranon  loth  year. 
Distal  epiphysis  4th  year. 
Proximal  epiphysis  5th  year. 
iJistal  epiphysis  2d  year. 


3d  year. 
3d-5th  years. 


Fusion  of 
Centers. 

20th  year. 


>  20th 


year. 


1 


17  th  year. 


1 6th  year. 
1 8th  year. 
1 7th  year. 
20th  year. 


20th  year. 

I7th-i8th 

year. 


The  dates  in  italics  arc  before  birtli. 
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LOWER    EXTREMITY. 


Bone. 

Ilium 

Ischium 

I*ubis 

Patella 

Femur 

Tibia 

FibuU 

Talus 

Calcaneus 

Cuboid 

Navicular 

Cuneiform^.... 
Metatarsals  ... 
Phalanges 


Appearance  of 
Pnmary  Center. 

g:h  week. 


4th  month, 
4th  month. 


jth  week. 


yth  week.    X 


8th  week. 


Appearance  of  Secondary 
Centers. 


Fusion  of  Cen- 
ters. 


Crest  15th  year. 

Anterior  inferior  spine  15th  year. 
Tuberosity  15th  year. 
Crest  1 8th  year. 
Cartilage  appears  at  4th  months  ossification  in  3d 
Head  1st  year. 
Great  trochanter  4th  year, 
lesser  trochanter  13th- 14th  year. 
Condyle  qth  month. 
Head  end  of  qth  month. 
Distal  end  2d  year. 
Upper  epiphysis  5th  year. 
Ix>wer  epiphysis  2d  year. 


{ 


ph  month, 
6ih  month, 
A  few  days 
after  birth. 
4th  year. 
1st  year. 
gth  week. 
gth-i2th 
week. 


loth  year. 


•-  22d  year. 


year. 

20lh  year. 

19th  year. 

1 8th  year. 

2 1st  year. 
2ist-25thyear. 

1 8th  year. 

2i.st  year. 

20th  year. 

i6lh  year. 


3d  year. 
4th-Slh  years. 


20th  year. 


The  dates  in  italics  are  before  birth. 


So  far  as  actual  changes  in  the  form  of  the  appendicular 
bones  are  concenied,  these  are  most  marked  in  the  case  of 
the  lower  limb.  The  ossa  innominata  alter  somewhat  in 
their  proportions  after  birth,  a  fact  which  may  conveniently 
be  demonstrated  by  considering  the  changes  which  occur  in 
the  proportions  of  the  pelvic  diameters,  altlunigh  it  must 
be  remembered  that  these  diameters  are  greatly  influenced 
by  the  development  of  the  sacral  curve.  Taking  the  conju- 
gate diameter  of  the  pelvic  brim  as  a  unit  for  comparison, 
the  antero-posterior  (dorso-ventral)  and  transverse  diame- 
ters of  the  child  and  adult  have  the  proportions  shown  in 
the  table  on  the  opi)osite  page  (Fehling). 

It  will  be  seen  from  this  that  the  general  form  of  the 
pelvis  in  the  new-born  child  is  that  of  a  cone,  gradually 
diminishing  in  diameter  from  the  brim  to  the  outlet,  a  con- 
dition very  different  from  what  obtains  in  the  adult.     Fur- 
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Diameter. 


New-bom 
Female. 


Conjugata  vera,  '  i.oo 

Transverse, 1.19 

>>  (  Antero-posterior,  0.96 

Transverse, 1. 01 

Antero-posterior 0.91 


Adult 
Female. 


Pransverse, 


0.83 


1.00 
1.292 
1. 19 

1.15" 
1.05 

1.154 


New-bom 
Male. 

I.OO 
1.20 
0.91 
0.99 
0.78 
0.84 


Adu't 
Male. 


I.OO 
1.294 
1. 18 
1. 14 
1.07 

1153 


therinore,  it  is  interesting  to  note  that  sexual  differences  in 
the  form  of  the  pelvis  are  clearly  distinguishable  at  birth; 
indeed,  according  to  Fehling's  observations,  they  become 
noticeable  during  the  fourth  month  of  intrauterine  develop- 
ment. 

The  upper  epiphysis  of  the  femur  is  entirely  unossified 
at  birth  and  consists  of  a  cartilaginous  mass,  much  broader 
than  the  rather  slender  shaft  and  possessing  a  deep  notch 
upon  its  upper  surface  (Fig.  2yy).  This  notch  marks  off 
the  great  trochanter  from  the  head  of  the  bone,  and  at  this 
stage  of  development  there  is  no  neck,  the  head  being  prac- 
tically sessile.  As  development  proceeds  the  inner  upper 
portion  of  the  shaft  grows  more  rapidly  than  the  outer  por- 
tion, carrying  the  head  away  from  the  great  trochanter  and 
forming  the  neck  of  the  bone.  The  acetabulum  is  shallower 
at  birth  than  in  the  adult  and  cannot  contain  more  than  half 
the  head  of  the  femur ;  consequently  the  articular  portion  of 
the  head  is  much  less  extensive  than  in  the  adult. 

It  is  a  well-known  fact  that  the  new^-born  child  habitually 
holds  the  feet  with  the  soles  directed  toward  one  another, 
a  position  only  reached  in  the  adult  with  some  difficulty,  and 
associated  w^ith  this  supination  or  inversion  there  is  a  pro- 
nounced extension  of  the  foot  (/.  r.,  flexion  upon  the  leg  as 
usually  understood;  see  p.  91),  it  l>eing  difficult  to  flex 
the  child's  foot  beyond  a  line  at  right  angles  with  the  axis 
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of  the  [eg.  Tliese  condilions  are  due  apparently  to  the  ex-j 
tensor  and  tibialis  muscles  Iwing  relatively  shorter  and  the 
opposing^  muscles  relatively  longer  than  in  the  adidt.  anifti 
with  the  elongation  or  shortening,  as  the  case  may  be,  ofl 
the  muscles  on  the  assumption  of  the  erect  position,  the  J 
bones  in  the  neighborhood  of  the  ankle-joint  come  into  new! 
relations  to  one  another,  the  result  Ijeing  a  modification  of  1 
the  form  of  the  articular  surfaces,  especially  of  the  talus  ,| 


Fin.  377,— LoNciTi'DENAL  Seittoss  of  the  Hear  of  Tilt  Femur  of  (Ay\ 

NEw-mwN   Chjli)  and   iH)   a   Later  Stage  of  Devei.oI'M 
1^^,  Epiphysial  cenier  for  Ihe  head;  h,  head;  (,  iroehanicr.— (//(■»*«■.), | 

(astragalus).  In  the  child  the  articular  cartilage  of  the] 
trochlear  surface  of  this  t)one  is  continued  onward  to  a  c 
siderable  extent  upon  the  neck  of  the  Ixiue.  which  comes  Into  ] 
contact  with  the  tibia  in  the  extreme  extension  possible  in  J 
Ihe  child.  In  tlie  adult,  however,  such  extreme  extension  j 
1>eing  impossible,  the  cartilage  upon  the  neck  gradually  dis-  I 
appears.  The  supination  in  the  child  brings  the  talus  in 
close  contact  with  the  inner  surface  of  the  calcaneus  and  ] 
with  the  snsteniaculum  tali;  with  the  alteration  of  ])osition  j 
a  growth  of  these  portions  of  the  calcaneus  occurs,  the  sua-  J 
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tentaciilum  becoming  higher  and  broader,  and  so  becoming 
an  obstacle  in  the  way  of  supination  in  the  adult.  At  the 
same  time  a  greater  extent  of  the  outer  surface  of  the  talus 
comes  into  contact  with  the  lateral  malleolus,  with  the  result 
that  the  articular  surface  is  considerably  increased  on  that 
portion  of  the  bone.  Marked  changes  in  the  form  of  the 
talo-navicular  articulation  also  occur,  but  their  consideration 
would  lead  somewhat  further  than  seems  desirable. 
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After-birth,  144 
After-brain,  411 
Agger  Nasi,   186 
Allantois,  114.  119 
Alveolo-lingual  glands,  3 1 1 

groove,  306 
Amitotic  division,  7 
Amnion,   115 
Amniotic  cavity,  57 
Amphiarthrosis,   199 
Amphiaster,  6 
Annulus  of  Vieussens,  246 
Anterior  commissure,  431 
Anthelix,  477 
Anti tragus,  477 
Anus,  299 
Aortic  arches,  256 

septum,  249 
Archenteron,  49,  296 
Archoplasm  sphere,  4 
Arcuate  fibers,  415 
Areas  of  Langerhans,  33-! 
Arrectores  pilonim,   154 
Arteries,   253 

allantoidean,    255 

anterior   tibial.    267 

aorta,    257 

branchial.   255 

carotid.   256 

centralis   retina*,    401 

cceliac,   259 

common  iliac.  258 

epigastric.  262 

external  iliac,  267 
maxillary,  256 

femoral,   267,   269 

hyaloid,  480 

hypogastric.   259,   261 

inferior  mesenteric,  259 

innominate,  257 

intercostal,  258 

internal  mammary.  262 
maxillary,   256 
spermatic,  259 

4S 


Arteries     continued 

interosseous,   2t%$ 

lingual.  256 

lumbar,  258 

median,  2(»5 

middle   sacral,    251) 

omphalo  mosenterio,    ii<).   235 

peroneal.    2(>o 

popliteal.    -»07 

posterit)r  tilual,    •(»«» 

pulmonary.  .\s(t 

radial,    -'(i; 

renal,  .'5«) 

saphenous,   j^u;- 

seiatie.    .'(>7 

snlu'iavian.   j(»S 

superl"u"iai   railial.   -'(»5 

superior    intereoslal,    .*(>.' 
inesenterie.   .'51) 
vesieal,    2(>i 

temporal.   -'5^> 

ulnar.   .'<>5 

ninbilieal.   \^j,  .'55.  .'^o 

vertebral.    /(»-• 

vitelline.    .'35 
Arlieidar  capsule.    H)«) 
Ary  epiglottic    foMs,    \k,(\ 
Arytenoid   cirtilanes.   35S 
Aster.   4 
Atresia  of  tluodeinnn,  3.'5 

of  pupil.  4S  \ 
.Atrial  septinn.  246 
Atrio  ventricidar   valves.    J51 
Aiu'rhach,  plexus  of.  4.1H 
Auricle.  476 
Axis   cylinder,   402 

W 

Harthcdin.  glands  of.  3S.1 
Helly-stalk,   70,   120 
Mile  capillaries,  32«) 
Bladder.   382 
Ulastoderm,  44 
Hlastopore.  4<),  fwt 
Hlastula,  <"> 
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Blood,  337 

islands,  334 

vessels,  233 
Body  cavity,  50 
Bone,  development  of.  161 

growth  of,  164 
Bonc-maTTOw,  163 

atlas,  171,  '74 
axis,  171.  "74 
carpal,  195.  5>S 
clavicle,   193,  5'S 

conchs,  186 
epistropheus,   I7'i  '74 
ethmoid,   1 84 
femuT,  197,  S'fi.  S'7 
fibula.  197,  516 
frontal.  188 
humerus,  194,  5'S 
by  Old,  191 
ilium,  196.  S'S 
incus,  '90.  471 
jnnominale,   196,  5'6 
interparietal,   i8i 
ischium,  197,  516 
lachrymal.  188 

malleus,  190-  47' 

mandible.  190 

maitilla.   189 

metacarpal,  196.  S15 

metatarsal,  198.  516 

nasal,   '68 

(Kcipital,  178,  iBi 

palatine,   189 

parietal,  188 

patella.   197.   S'S 

periotic.  178,  186 

phalanges,   196,  198.  S'S 

premaxilla.   190 

pubis,  197,  S'fi 
.    'OS,  S'S 


Bones — co  nt  i  nued 

vomer.   185 

lygomalic,  t68 
Brachia  conjunctiva,  419 

Branchial  arches,  76,  85 
clefts,  76 

epithelial  bodies,  313 
fistula,   77 


174 


sphenoid.  183 
stapes,  47' 

suprasternal.  175 
tarsal,  198.  5'6 
temporal,  187 
tibia.  197.  S'6 
turbinated,  >86 
ulna,  19s.  S'S 
vertebrae,  168,  173.  5" 


lira 


107 


llronchi,  ,154 
Bulbo-urethrai  gUnds,  384 
Bulbo- vestibular  g,lands,  384 
Burdacb,  fasciculus  of,  409 

C 
Caecum,  333 
Calcar,  429 
Canal  of  Cloquet.  496 
of  Gacrtner.  380 
of  Nuck,  388 
of  Petit,  496 
Capillaries,  13  5 
Cartilages  of  Santorini.  358 

of  Wtisherg,  3S8 
Caruncula  lacrimalis,  501 
Caul.  "8 
Cell.  I 

CelMheory,  1 
Centrosome.  4 
Cerebellum.  417 
Cerebral  aqueduct.  420 
cortex,   434 
hemispheres.  425 
convolutions,  428 
peduncles.  419 
Check  RToovc,  309 


Ciliary  body.  486 
Rang! ion.  449 
muscle,  408 

Cleft  palate,  300 
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Clitoris,  385 
Cloaca,  296,  382 
Cloacal  membrane,  297 
Cloquet,  canal  of,  496 
Coccygeal  granglion,  292 
Cochlea,  368 
Coelom,  50 

Collateral  eminence,  431 
Coloboma,  485 
Colon,  322 
Conjunctiva,  498 
Connective  tissues,  160 
Cornea,  498 

Corniculate  cartilages,  358 
Coronary  sinus.  245 
Corpora  mamillaria,  423 

(]uadrigemina,  420 
Corpus  albicans,  24 

callosum,  431 

luteum,  23 

striatum,  426 
Corti,  spiral  organ  of,  467 
Cowper,  glands  of,  384 
Cranial  nerves,  436 

sinuses,  270 
Cricoid  cartilage.  358 
Cuneiform  cartilages.  358 
Cutis  plate,   106 
Cytoplasm,   4 

D 

Darwin's  tubercle,  477 
Decidua  basalis,  134,   138 

capsularis,  128,  136 

reflexa,  128 

serotina,  134,  138 

vera,  134,  135 
Decidual  cells,  136,  144 
Dendrites,  402 
Dental  groove,  301 

shelf,  301 
Dentate  gyrus,  429 
Dermatome,    106 
Descent  of  ovary,  387 

of  testis,  388 
Diaphragm,    339 
Diarthrosis,   199 
Diencephalon,  421 
Discus  proligerus,  18 
Double  monsters,  48 
Duck  of  Santorini,  332 

of  Wrisberg,   3^12 
Ductus  arteriosus,  257 

Botalli,  257 

cochlearis,  464 


Ductus  Cuvieri,  272 
ejaculatorius,  378 
endolymphaticus,  462 
reuniens,  464 
venosus,  276 

Duodenum,  321,  322,  324 


Ear,  461 

Ebner,  glands  of,  460 
Ectoderm,  49 
Embryo,  age  of,  91 

external  form,  67 

growth  of,  506 
Embryonic  disc,  57 
Enamel  organ,   301 
Enchylema,  4 
Endoderm,  49 
Enveloping  layer,  44 
Ependymal  cells,  401 
Epiblast,  49 

Epibranchial   ganglia.  445 
Epidermis.    147 
Epididymis,    ^^77 
Epiglottis,    356 
Epiphyses,    164 
Epiphysis  cerebri,   421 
Epiploic   foramen,   344 
Episternal   cartilages.    175 
Epitrichium.    147 
Eponychium,    152 
Epoophoron,  378 
Erythrol)lasts,  239 
Erythrocytes,    234 
Erythroplastids,  239 
Eustachian  tube,  311,  471 

valve,  247 
Extrauterine  pregnancy,  21 
Eye,   477 
Eyelids,  498 

F 

Fallopian  tubes.  350 
Fasciculus  communis,  441 

of  Burdach,  409 

of  Goll,  409 

solitarius,  441 
Fenestra  cochleae,  470 

ovalis,   470 

rotunda,  470 

vestibuli,  470 
Fertilization  of  ovum,   31 
Fetal  circulation,  283 
Fifth   ventricle,  432 
Filum  terminale,  407 


524 


INDEX. 


Foliate  papillae,  461 

Fontana,  spaces  of.  498 

Foramen   caecum,   306,   313 
of  Munro,  426 
of  Winslow,  344 
ovale,   246 

Fore-brain,  410 

Formatio  reticularis,  415 

Fornix,  432 

Frontal  sinuses,   186 

Furcula,   312 


Gaertner,  canals  of,  380 
Gall  bladder,  325 
Ganglionated  cord,  451 
Gastral  mesoderm,  52,  62 
Gastrula,  49,  63 
Geniculate  bodies,  423 
Genital  folds,  385 

ridge,  369 

swelling,   385 

tubercle,  385 
Germ  cells,  8 

layers,  49 

plasm,  8 
Giraldes,  organ  of.  377 
Glands  of  Bartholin,   384 

of  Cowper,  384 

of  Ebner,  460 

of  Moll,  500 
Goll,  fasciculus  of,  409 
Graafian  follicle,  17 
Great  omentum,  344 
Groove  of  Rosenmuller,  313 
Gubcmaculum  testis,  372 
Gynaecomastia,   159 

H 

Haematopoietic  organs,  237 
Haemol3rmph  nodes.  290 
Hairs,  152 
Hare  lip,  89,   190 
Head  cavities,  104 

process,  59 
Heart,  241 
Helix,  477 
Hensen*s   node,    59 
Hermaphroditism,  387 
Hind-brain.  410 
Hippocampus,  429 
Hyaloid  canal,  496 
Hydatid  of  Morgagni,  378 

stalked,  380 


Hsrperthelia,  158 
Hypertrichosis,  155 
Hypoblast,  49 
Hypochordal  bar,  169 
Hypophysis,  424 
Hypospadias,  386 
Hypothalamic  region,  423 
Hymen,  380 

I 

Implantation  of  ovum,  125 

Infundibulum,   425 

Inguinal  canal,  390 

Inner  cell  mass,  47 

Insula,  430 

Interarticular  cartilages,   200 

Intercarotid  ganglion,  395 

Intermediate  cell  mass,   104 

Interrenal  organs,  392 

Interventricular  foramen,  426 

Intervertebral  fibro-cartilage,   176 

Intestine,  320 

Iris,  486 

Isthmus  cerebri,  419 


Jacobson,  organ  of,  459 
Joints,  199 

K 
Karyokinesis,  7 
Karyoplasm,  4 
Kidney  (see  Metanephros),  366 


Labia  majora,  386 
minora,  385 

lachrymal  gland,  500 

Lamina  terminalis,  424 

Langerhans,  areas  of,  332 

Langhans  cells,  129 

Lanugo,   154 

Larynx,  356 

Lateral  thyreoids,  314 

Lens,  480 

Lesser  omentum,  344 

Leukocytes,  240 

Ligaments : 

broad,  of  ovary,  371 
coraco-humeral,   227 
coronary,  of  liver.  341 
costo- vertebral,  170 
falciform,  of  liver.  341 
fibular  lateral,  of  knee.  209 
fiavan,  170 


Li  ga  incnl  s— co  n  I  i  nued 
inguinal,    388 
nterspinoiu,  17a 


■of  the  ovary,  371 
peclmatum    ridis,  498 
mund,  of  liver   385 
Mcro-tuberous.  209 
spheno-mandiiiular,   191 
supraspinous.    170 
teres,  of  ovary,  372 

I.imbs.  89 

Lip-ridge,  89 

Lips,  299 

I.usclika's  ganglion,  29: 
Lymphatics.  285 
Lymp!]  hearts,  285 

nndea,  289 
Lymphocytes,  239,   285 

M 

Mammary  gland,  15s 
Mandibular  process,  82 
Mastoid  cells,  474 
Maturation  of  ovum,  27 
Maxillary  process,  8j 

sinus,   186 
Meclcel's  cartilage,    180,    190 

diverticulum,    iig.  J23 
Mediastina,  342 
Medulla  oblongata.  410 
Medullary  canal.  99 

folds,   71,   96 


groo 


;.   96 


Megacaryocytes,  240 
Meibomian  glands,  500 


i-euniens,     07 
lectoria,  468 
Membrane  bone    162 
Menstruation,    11 
Mesencephalon,  43a 
Mesenchyme,  6; 
Mesenteriole,   348 
Mesenter.v,  343 


Mc5 


iriiiu 


.   JJ5 


Mesocolon.   . 
Mesoderm,   50 
Mesoderm ic  somites, 
Mesogastrium,    344 
Mesonephros,  363 


Mesorcbium,  37t,  390 

Mesolhelium,  6  s 
Me  la  mete,    oB 
MetanephroB,  j66 
Mclencephalon,  416 
Mid-brain.  410 
Middle  ear,  470 
Milk  ridge,  156 
Mitosis,  7 

Moll,  glands  of,  500 
Monro,  foramen  of,  416 
Montgomery's  glands,   158 
Morgagni,   hydatid   of,  378 

Mouth  cavity,  399 
Miillerian  duct,  369 
Miiscle  plates,  106 

biceps  femoris,  136 


■curvalor  coccy^is,  21. 
depressors  of  hyoid,  : 
digastric,  216 
dilatator  iridis,  487 
dorsal,   210 


facial,  21 6 

gastrocnemius.  225,  n 
seniohyoid,  an 
.genioglosBus,  211 
BloESO-palalinuB,    318 

hyposkeletal,  212 
laryngeal,    3tB 
latissimus  dorsi,  208 


colli.  211 
lumbrical,   239 

mylohyoid,   216 
obliqui  abdominis,  212 
occipi to- frontalis,  208, 

pectorals,   226,  327 

peroneus  longus,  209 
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Muscles — continued 

psoas,  211 

pterygoids,  216 

pyramidalis,  210 

rectus  abdominis,  208,  210 

scaleni,  212 

serrati  postcriores,  208 

serratus  anterior,  208 

skeletal,  206 

soleus,  225,  229 

sphincter  ani,  214 
cloacx,  214 
iridis,  487 

stapedius,  216,  473 

sternohyoid,  207 

stemomastoid,   207,   212,   218 

stylohyoid,  216 

stylopharyngeus,  216 

temporal,  216 

tensor  tympani,  216,  471 
veli  palati,  216 

transversus  abdominis,  212 
thoracis,  208 

trapezius,  207,  212,  218 
Muscle   tissue,   203 
Myelencephalon,  413 
Myelin,  405 
Myoblasts,  204 
Myotome,   106,  206 

N 
Nails,   150 
Nasal  fossa:.  81 
process,  88 
Naso-lachrymal  duct,  500 
Nephrostome,  362 
Nephrotome,   106 
Nerve  components,  440 

roots,    402 
Nerves : 

auditory,   443 
cranial.  436 
hypoglossal,  439 
olfactory.  457 
optic,  491 
recurrent,  359 
spinal,  434 

accessory,  444 
splanchnic.  451 
Nerve  tissue,  400 
Neural  crest.  403 
Neurenteric  canal,  60,  71,  96 
Neuroblasts,  401 
Neuroglia  cells,  401 
Neuromeres,  446 


Neurone  theory,  405 
Non-sexual  reproduction,  9 
Nuck,  canal  of,  388 
Nucleoli,  4 
Nucleus,  4 

O 

(Esophagus,  318 

CEstrus,  23 

Odontoblasts,   304 

Olfactory  lobes,  433 
organ,  457 

Olivary  body,  415 

Omentum,  344 

Oocyte,  2^ 

Optic  cup.  479,  485 
recess,  424 

Oral  fossa,  74,  296 

Organ  of  Giraldes,  377 
of  Jacobson.  459 
of  Rosenmiiller,  378 

Organs,   3 

of  taste,  460 

of  Zuckerkandl,  398 

Osteoblasts,   162 

Osteoclasts.   165 

Otocyst,  461 

Otic  ganglion,  453 

Ovary,  375 

descent  of,  388 

Ovulation,  20 

Ovum,  17 

implantation  of,   125 
fertilization  of.  31 
maturation  of.  2j 
segmentation  of,  39 


Palate,  299 
Pancreas,  33' 
Paradidymis,  377 
Paraphysis,  422 
Parathymus,  317 
Parathyreoid  bodies,  3^5 
Paroophoron,  378 
Parotid  gland,  3»« 
Parovarium,  378 
Parthenogenesis,  9 
Penis.  386 

Pericardial   cavity.    338 
Perineal  body,  384 
Perionyx,  152 
Periosteum,   162 
Periotic  capsule.  178.  186 
Peritoneum.  343 
Petit,  canal  of.  496 
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Pfluger's  cords,  375 
Pharyngeal  bursa,  312 

membrane,  296 

tonsil,  312 
Pharynx,  311 
Pineal  body,  421 
Pinna,  476 
Pituitary  body,  424 
Placenta,  139 

praevia,   139 
Pleurae,  342 

Pleuro-peritoneal  cavity,  104,  339 
Plica  semilunaris,  500 
Polar  globules,  28 
Polycaryocytes,  240 
Polymastia,  158 
Polyspermy,   34 
Post-anal  gut,  297 
Post-branchial  bodies,  316 
Post-natal  development.  503 
Precaudal  recess,  298 
Precoracoid,  200 
Prepuce.  386 
Primitive  groove,  59 

streak,  52 
Processus  globularis,  88 
Pronephric  duct,   361 
Pronephros,  361 
Pronuclei,  32 
Prooestrum,  23 
Prostate  gland,  384 
Prostomial  mesoderm,  52,  62 
Protoplasm,  2 
Protovertebrae,   103 

R 

Rathke's  pouch.  301,  424 
Rauber's  covering  layer.  47 
Receptaculum  chyli,  286 
Rectum,  297 
Red  nucleus,  420 
Reduction  of  chromosomes,  15 
Restiform  body,  416 
Rete  cords,  371 

ovarii,  376 

testis,  373 
Retina,  487 
Rhinencephalon,  434 
Rosenmiiller.  groove  of,  313 

organ  of,  378 

S 
Sacculus,  464 
Salivary  glands,  308 
Santorini,  cartilages  of,  358 
duct  of,  332 


Sarcode,  2 

Scala  tympani,  470 

vestibuli,  470 
Sclerotic  coat,  496 
Sclerotome,  106 
Scrotum,  386 
Sebaceous  glands,   154 
Segmentation  of  ovum,  39 
Semicircular  ducts,  462 
Semilunar  valves,  252 
Septum  pellucidum,  423 

primum,  246 

secundum,  246 

spurium,  245 

transversum.  337,  339,  342 
Sertoli   cell,    13 
Sex  cords,  371 
Sexual  reproduction,  9 
Sinusoid,  236 
Sinus  pocularis,  378 

prcTcervicalis,  86 
Situs  inversus  viscerum,  48 
Skin,    147 
Skull.   177,  512 
Socia  parotidis,  310 
Solitary  fasciculus.  414 
Somatic  cells,  8 
Spaces  of  Fontana.  498 
Spermatic  cord,  390 
Spermatid,   14 
Spermatpcyte,  14 
Spermatogenesis,    13 
Spermatogonia.   13 
Spermatozoon,   1 1 
Sphenoidal  cells.  186 
Spheno-palatine  ganglion,  453 
Spinal  cord,  406 

nerves,  434 
Spiral  organ  of  Corti,  467 
Spleen.  290 
Stomach,  318 
Sublingual  ganglion,  453 

gland,  310 
Submaxillary  ganglion.  453 

gland,  310 
Substance  islands,  234 
Sudoriparous  glands,  155 
Sulcus  Monroi,  421 
Superfetation,  36 
Suprabranchial  ganglia,  445 
Suprarenal  bodies,  392 

accessory,  395 
Supratonsillar  fossa,  313 
Suture.   199 
Sympathetic  nervous  system,  446 
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Synchondrosis,  199 
Systems,  3 

T 

Tail  filament,  83 
Tarsal  glands,  500 
Taste,  organs  of,  460 
Teeth,  301 
Tegmentum,   419 
Telencephalon,  424 
Testis,  372 

descent  of,  388 
Thalami,  423 
Thebesian  valve^  247 
Thoracic  duct,  286 
Th3rmus  gland,   316,  508 
Thyreoid  cartilage,  357 

gland,  313 
Thyreo-glossal  duct,  314 
Tissues,  3 
Tongue,  306 
Tonsils,  312 
Touch,  organs  of,  460 
Tragus,  477 
Trophoderm,  57 
Tuba  uterinae,  380 
Tuber  cinereum,  423 
Tuberculum  impar,  306 
Tunica  vaginalis  testis,  389 

vasculosa  lentis,  482 
Tween-brain,  410 
Twin-development,  47 
Tympanic  cavity,  471 
membrane,  474 

U 

Umbilical  cord,  79,  122 
Umbilicus,  yz^  122 
Urachus,  122,  383 
Ureter,  366 
Urethra,  384 
Urogenital  sinus,  382 
Uterus,  380,  381 

masculinus,  378 
Utriculus,  464 


Vagina,  380 
Vaginal  process,  388 
Vallate  papillae,  460 
Vas  deferens,  378 
Veins : 

anterior  cardinal,  269 
tibial,  282 

ascending  lumbar,  281 

azygos,  281 


Veins — continued 

basilic,  282 

cephalic,  282 

emissary,  274 

external  jugular,  273 

hemiazygos,  281 

hepatic,  277 

inferior  vena  cava,  279 

innominate,  273 

internal  jugular,  269 

jugulo-cephalic,  282 

limb,  281 

long  saphenous,  282 

omphalo-mesenteric,  235,  274 

portal,  277 

posterior  cardinal,  274 

primary  fibular,  282 
ulnar,  282 

pulmonary,  282 

renal,  279 

subcardinal,   277 

superior  vena  cava,  273 

supracardinal,  279 

suprarenal,  279 

umbilical,  122 

vitelline,   235 
Velum,  anterior,  419 

interpositum,  422,  426 
marginal,  401 
posterior,  413 
Ventricular  septum,  248 
Vermiform  appendix,  324 
Vemix  caseosa,   117 
Yeru  montanum,  380 
Vesicula  seminalis,  378 
Vieussens,  annulus  of.  246 
Villi,  chorionic,  128 

intestinal,  324 
Vitreous  humor,  494 
Vulva,  386 

W 

Wharton's  jelly,  125 
Winslow.  foramen  of,  344 
Wirsung,  duct  of,  332 
Witch  milk,  159 
Wolffian  body,  361,  Z77 

duct,  361.  377 

ridge,  360 
Wrisberg,  cartilage  of,  358 

Y 

Yolk  sac,  68,  114.  «i8 
stalk,  72,   114 

Z 

Zuckerkandl,  organ  of,  398 
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